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PREFACE 


The  State  of  Colorado,  through  the  Colorado  Water  Conservation  Board  (CWCB), 
requested  the  U.S.  Department  of  Agriculture  (USDA)  to  participate  in  a 
cooperative  river  basin  study  of  the  Missouri  River  Tributary,  River  Basin  in 
Colorado  by  letter  on  October  17,  1980.  The  objectives  of  this  study  are  to 
identify  resources,  determine  needs,  and  present  alternative  solutions  to  assist 
decisionmakers  in  the  orderly  development  of  water  and  related  land  resources  of 
the  area. 

USDA  participation  in  the  cooperative  river  basin  study  is  authorized  under 
Section  6,  Public  Law  83-566,  as  amended.  Authorization  for  the  study  as 
described  in  the  study  plan  was  given  on  June  1,  1981.  The  principal  USDA 
participants  are  the  Soil  Conservation  Service  (SCS),  Economic  Research  Service 
(ERS),  and  the  Forest  Service  (FS).  The  Colorado  Water  Conservation  Board  also 
participated  in  the  study. 

The  Colorado  Field  Advisory  Committee  (FAC)  composed  of  representati ves  from 
the  SCS,  ERS,  FS  and  CWCD  provided  the  direction  and  overall  management  for  the 
study.  Study  activities  were  carried  out  by  personnel  assigned  from  the  various 
agencies  as  outlined  in  the  Study  Plan.  Liaison  with  other  state  agencies  was 
provided  by  the  CWCB  staff. 

Additional  information  about  the  Missouri  River  Tributary,  Colorado  River 
Basin  Study  should  be  requested  from: 

State  Conservationist 

Soil  Conservation  Service 

Diamond  Hill,  Bldg  A,  3rd  Floor 

2490  West  26th  Avenue 

Denver,  Colorado  80211  (303)  964-0295 


SUMMARY 


The  Colorado  Water  Conservation  Board,  acting  for  the  State  of  Colorado, 
requested ’the  Department  of  Agriculture  to  conduct  a  cooperative  river  basin  study 
of  the  Missouri  River  Tributaries  within  Colorado.  This  included  the  North  and 
South  Platte  River  Basins  along  with  the  Republican  River  Basin.  It  was  agreed 
that  the  objective  of  this  cooperative  study  would  be  to  address  the  water 
resource  problems  found  in  individual  irrigation  systems  and  to  develop 
alternatives  that  will  improve  their  producti vity,  water  use  efficiency  and  water 
management.  A  sample  of  representati ve  irrigation  systems  was  used  in  the  study. 

Twenty-three  systems  were  selected  for  detailed  study.  In  each  of  these 
systems,  the  canal  company  and  other  local  officials  were  interviewed.  A  list  of 
problems  was  developed.  Alternatives  were  developed  to  address  the  problems 
identified. 

Monetary  and  non-monetary  benefits  used  in  comparing  the  feasibility  of 
alternatives  for  each  system  include  the  following: 

1.  Onfarm  water  conservation  benefits. 

a)  reduce  costs  of  production  such  as  labor,  water  costs  including 
pumping,  surface  water  and  purchased  water,  and  operation, 
maintenance  and  replacement  costs  for  onfarm  ditch  systems  and 
laterals . 

b)  reduce  water  shortages  which  improve  yields  as  well  as  conversion 
to  higher  income  crops. 

c)  reduce  erosion  and  sediment  costs. 

d)  reduce  soil  salinity  and  high  water  table  damages. 

e)  reduce  tailwater  damages  from  weeds  and  pests. 

f)  improve  irrigation  systems  through  improved  designs. 

2.  Off-farm  water  conservation  benefits. 

a)  improve  instream  flow. 

b)  reduce  operation,  maintenance  and  replacement  costs. 

c)  stabilize  the  agricultural  economy  of  the  area. 

Table  S-l  summarizes  the  identified  needs  and  feasible  improvements.  A 
computer  model  was  developed  and  used  to  analyze  and  compare  alternatives  for 
each  system  studied. 


Table  S-l  Identified  Needs  and  Economically  Feasible  Improvements 
for  23  Sample  Irrigation  Systems  U 

Missouri  River  Basin,  Colorado 


Item 

Unit 

Identified 

Need 

Feasible 

Improvements 

Canal 

Reservoir  Imp. 

No. 

6 

2 

Lining 

Mi  1  es 

109 

26.6 

Pi  pel  i  ne 

Miles 

10 

0 

Diversion  Str. 

No. 

10 

2 

Water  Control  Str. 

No. 

1,002 

13 

Onfarm 

Ditch  Lining 

Mi  les 

310 

122 

Pipel i ne 

Mi  les 

169 

63 

Water  Cont.  Str. 

No. 

1,275 

607 

Land  Level 

Ac. 

17,550 

8,200 

Irr.  Water  Mgt.^/ 

Ac. 

264,199 

264,199 

Convert  Irr.  Method 

Ac. 

13,500 

8,400 

Cons.  Crop  System  ^ 

Ac . 

6,500 

3,000 

Sample  of  25  percent  of  predominantly  surface  water  supplied  systems. 

&  This  is  a  non-structural  practice  involving  improvements  such  as: 

irrigation  scheduling,  time  of  irrigation  set,  optimum  stream  size, 
tailwater  management. 

Change  from  surface  systems  to  sprinkler  systems. 

4/  Non-structural  practices  of  management  of  crop  residue. 


Systems  studied  supply  water  to  over  264,000  acreas,  this  is  about  25 
percent  of  all  the  land  irrigated  with  surface  water  supplies.  Based  upon  this 
sample  it  can  be  concluded  that  structural  practices  will  be  difficult  to 
economically  justify.  The  five  systems,  in  which  structural  improvement  were 
justified,  had  an  inadequate  water  supply.  In  these  systems  small  changes  in 
efficiencies  produced  large  changes  in  crop  productions.  Irrigation  water 
management  proved  to  be  economically  justified  in  all  systems  studied.  From  this 
it  is  concluded  that  improved  management  is  needed  through  out  the  basin.  There 
were  also  2  systems  found  to  have  viable  onfarm  structural  needs. 

Over  58  million  dollars  will  be  needed  to  construct  the  improvements  found 
to  be  economically  feasible  in  the  systems  studied.  About  four  times  that  amount 
is  needed  to  provide  needed  improvements  through  out  the  basin.  Some  loans  and 
grants  may  be  available  from  the  State  and  Federal  governments  to  assist  in 
implementing  these  projects. 
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PROBLEMS  AND  CONCERNS 


Introduction 


The ‘Colorado  Water  Conservation  Board,  acting  for  the  State  of  Colorado, 
requested  the  Department  of  Agriculture  to  conduct  a  cooperative  river  basin 
study  of  the  Missouri  River  Tributaries  within  Colorado.  This  includes  the 
North  and  South  Platte  River  Basins  along  with  the  Republican  River  Basin. 

The  CWCB's  request  stems  from  its  legislative  authority  which  charges  them 
with  these  responsibilities:  (1)  to  promote  the  conservation  of  the  waters  of 
the  State  of  Colorado  in  order  to  secure  the  greatest  utilization  of  such 
waters  and  the  utmost  prevention  of  floods,  and  (2)  to  cooperate  with  the 
United  States  and  agencies  thereof,  and  with  other  states  for  the  purpose  of 
bringing  about  the  greatest  utilization  of  the  waters  of  the  State  of  Colorado 
and  the  prevention  of  flood  damages. 

Data  developed  by  the  study  will  enable  farmers  and  irrigation  companies, 
with  USDA  and  state  assistance,  to  improve  their  productivity,  water  use 
efficiency,  and  water  management.  As  a  result,  the  social,  environmental,  and 
economic  stability  of  the  area  should  be  improved. 


Description  of  Basin 


The  study  area  contains  all  of  the  North  and  South  Platte  Rivers  and 
Republican  River  drainages  within  Colorado.  Figure  1  shows  the  location  of  the 
study  area.  The  Platte  River  drainage  contains  both  the  North  and  South  Platte 
River  Basins.  The  Republican  River  drainage  includes  the  Frenchman,  Arikaree, 
South  Fork  of  the  Arikaree,  North  and  South  Forks  of  the  Republican,  and  the 
Smoky  Hill  River  drainages.  The  total  area  is  approximately  19,121,000  acres. 
Table  B-l  in  Appendix  B  shows  the  land  use  in  the  major  basins. 

Land  forms  range  from  mountain  peaks,  14,000  feet  in  elevation  to  the 
rolling  prairie  of  eastern  Colorado  with  an  average  elevation  of  4,000  feet 
above  mean  sea  level.  Major  urban  centers  of  Denver,  Boulder,  Ft.  Collins  and 
Greeley  are  located  within  the  area.  It  is  estimated  that  1,986,603  people 
lived  in  the  area  in  1980.  The  front  range,  comprising  the  eastern  slope  of 
the  Rocky  Mountains  in  Colorado,  is  experiencing  very  rapid  growth  in 
population.  Surface  irrigation  water  is  supplied  from  the  South  Platte,  with 
augmentation  from  the  Colorado  River  Systems  via  interbasin  transfers;  North 
Platte,  and  Republican  Rivers.  Groundwater  is  obtained  from  shallow  aquifers 
connected  with  the  South  Platte  River  and  from  the  Ogallala  Aquifer. 

Additional  resource  data  may  be  found  in  Appendices  A-G. 
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On-going  Studies 


Many  different  agencies  and  groups  have  made  and  are  making  water  resource 
studies  in  the  South  Platte  and  Republican  River  Basins.  The  Colorado  Water 
Conservation  Board  is  conducting  a  study  to  identify  alternative  uses  and 
combinations  of  uses  for  the  state's  remaining  share  of  the  South  Platte  River 
water.  The  Corps  of  Engineers  has  just  completed  the  Metropolitan  Denver  and 
South  Platte  River  Basin,  Colorado  Flood  Control  Study.  The  Urban  Drainage  and 
Flood  Control  District  has  a  continuing  Master  Planning  Program  for  Denver. 

The  State  of  Colorado  is  developing  Phase  III  of  the  Colorado  State  Water  Plan. 
The  Bureau  of  Reclamation  is  continuing  with  its  Front  Range  Unit,  which  is  a 
study  of  municipal  and  industrial  (M&I)  water  supply  problems  in  part  of  the 
basin.  The  U.  S.  Forest  Service  and  the  Colorado  State  Forest  Service  are 
currently  developing  long  range  plans  for  multiple  use  forestry.  This  planning 
includes  special  studies  for  Wild  and  Scenic  River  classification  as  required 
by  Congress. 

A  six  state  study  under  the  leadership  of  the  Economic  Development 
Administration  was  completed  which  investigated  the  extent  of  groundwater 
depletion  of  the  Ogallala  Aquifer  and  its  impacts  upon  High  Plains  agriculture, 
and  made  recommendations  for  action. 

Problems  and  Objectives 


The  objective  of  this  cooperative  study  is  to  address  the  water  resource 
problems  and  opportunities  found  in  individual  irrigation  systems  and  to 
develop  alternatives  that  will  improve  their  productivity,  water  use  efficiency 
and  water  management.  This  study  objective  was  agreed  upon  after  meeting  with 
State  officials  and  local  leaders.  They  indicated  that  while  many  problems 
related  to  water  resources  exist  in  the  Basin,  individual  system  planning  is 
the  most  critical  need  not  already  studied  by  other  agencies  or  groups.  A 
literature  review  indicated  that  while  there  are  many  water  resource  studies  of 
the  basin,  none  exist  that  identify  the  needs  of  the  private  irrigation 
systems.  The  available  information  found  during  the  literature  review  on  water 
use,  flooding,  erosion,  land  conversion,  the  basin  river  system,  etc.,  was 
useful  in  this  study. 

Most  of  the  surface  irrigation  systems  were  developed  in  the  late  1800' s. 
Little  change  has  been  made  in  the  systems  over  time.  The  useful  life  of  many 
of  the  water  control  structures  has  expired.  Repairs  to  extend  the  structures 
life  can  be  found  in  many  systems.  As  a  general  rule  the  irrigation  companies 
have  not  invested  the  funds  needed  to  adequately  maintain  their  systems.  ,  Few 
companies  have  a  replacement  program  to  update  their  water  control  structures. 

A  number  of  irrigation  systems  have  had  storage  restrictions  placed  on  them 
because  of  dam  safety  regulations.  Water  loss  from  canal  seepage  is  recognized 
as  a  problem,  but  the  irrigation  companies  have  been  unwilling  to  invest  the 
large  amount  of  funds  needed  to  line  canals.  In  most  areas,  the  water  loss 
from  canal  seepage  is  not  a  loss  to  the  river  system,  but  it  is  to  the  initial 
water  user.  Canal  conveyance  efficiencies  range  from  47-73%  in  the  basin. 


Low  onfarm  irrigation  water  efficiency  (30-50%)  is  not  generally 
recognized  by  farmers  as  a  problem.  Irrigators  use  the  amount  of  water  they 
have  available,  when  it  is  available.  The  ampunt  of  labor  use  for  irrigation 
is  perceived  as  being  more  important  than  the  amount  of  water  used.  Onfarm 
irrigation  improvements  are  installed  to  reduce  the  labor  needs. 


A  significant  percent  of  irrigation  systems  in  the  basin  do  not  have 
adequate  water  for  the  acres  of  cropland  and  pasture  served.  Crops  that 
receive  only  a  partial  water  supply  will  not  produce  up  to  capability. 
Therefore  millions  of  dollars  of  crop  production  benefits  are  lost  as  a  result 
of  water  shortages  in  the  basin.  The  following  data  of  one  selected  system 
helps  illustrate  this  problem: 

Selected  Irrigation  System  - 

Cropland  served:  16,000  ac.  alfalfa 

23.892  ac.  corn 

10,000  ac.  pasture 

49.892  ac.  Total 

Water  supply: 

Diverted  45,000  ac/ft 

Reservoir  and  purchased  52,000  ac/ft 
Pumped  7,952  ac/ft 

104,952  ac/ft 


Estimated  System  Efficiency  -  30.7  % 

(Conveyance  and  on-farm) 

Water  Supply  Available  for  Crop  Consumptive  Use  -  32,218  ac/ft 

(0.65  ac.ft/ac) 

Irrigation  Requirement  of  Crops  (full  supply)  -  77,163  ac/ft 

(1.55  ac.ft/ac) 

44,945  AF 
(58%) 

Possible  with  ful  1 
water  conditions 


5.50  ton/ac 
140  bu/ac 
7.5  AUM 


Irrigation  Water  Shortage  - 


Crop  Yields 


alfalfa 

corn 

pasture 


Predicted  yields 
by  the  model  for 
"Future  Without" 
conditions 

3.41  ton/ac 
138.56  bu/ac 
7.00  AUM 


Table  A  summarizes  the  system  improvements  believed  by  the  irrigation 
companies  to  be  needed  in  the  23  systems  studied.  While  the  quantities  may 
vary  for  other  systems  in  the  basin,  the  same  type  of  needs  exist  in  most 
systems  within  the  basin.  See  individual  reports  for  seriousness  of  problems 
for  each  system. 


-i/  See  Appendix  J  for  a  more  complete  analysis. 

■2./  These  yields  could  be  further  increased  by  applying  management 
practices  not  specifically  related  to  water  shortages. 
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Table  A  Identified  Needs  for  23  Sample  Irrigation  Systems  1/ 
Missouri  River  Basin,  Colorado 


Item 

Unit 

Identified  1 

Canal 

Reservoir  Imp. 

No. 

6 

Li  ning 

Mi  1  es 

109 

Pi  pel i ne 

Miles 

10 

Diversion  Structures 

No. 

10 

Water  Cont.  Str. 

No. 

1,002 

Onfarm 

Ditch  Lining 

Mi  les 

310 

Pi  pel i ne 

Mi  1  es 

169 

Water  Cont.  Str. 

No. 

1,275 

Land  Leveling 

Ac. 

17,550 

Irr.  Water  Mgt.  27 

Ac . 

264,199 

Convert  Irr.  Method-27 

Ac . 

13,500 

Cons.  Crop  System^/ 

Ac . 

6,500 

Sample  of  25  percent  of  predominantly  surface  water  supplied  systems. 
2/  This  is  a  non-structural  practice  involving  improvements  such  as: 
irrigation  scheduling,  time  of  irrigation  set,  optimum  stream  size, 
and/or  tailwater  management. 

.27  Change  from  surface  systems  to  sprinkler  systems,  cablegation  and 
surge  irrigation. 

Non-structural  practices  of  management  of  crop  residues. 
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SYSTEMS  STUDIED 


Introduction 


In  reviewing  the  number  of  irrigation  systems  for  the  Missouri  Tributaries 
River  Basin  study,  the  conclusion  was  made  that  not  all  the  systems  in  the 
basin  could  be  studied.  The  following  procedure  was  used  to  prioritize  ditch 
systems  as  follows: 

Each  SCS  field  office,  with  help  from  the  Soil  Conservation  Districts 
(SCD)  rated  the  systems  within  thei r'di stri ct.  Each  field  office  selected  up 
to  10  ditch  systems  that  have  the  best  opportunities  to  implement  improvement. 
An  irrigation  worksheet  was  developed  by  the  SCS  to  compare  systems  within  the 
field  offices.  A  workshop  was  held  to  explain  the  use  of  the  worksheet. 

Once  the  evaluation  worksheets  were  completed,  a  committee  of  SCS  area 
and  state  office  staffs  compared  the  systems  between  field  offices.  Care  was 
taken  so  that  at  least  1  system  was  chosen  from  each  part  of  the  Missouri  River 
Tributaries.  See  Appendix  H  for  evaluation  worksheet. 

In-depth  data  for  the  analysis  was  obtained  on  each  irrigation  system 
from  ditch  company  personnel,  field  office  employees,  and  some  farmers. 

Systems  Description: 

The  objective  of  this  study  was  to  address  water  resource  problems 
found  on  the  twenty  three  (23)  individual  irrigation  systems  throughout  the 
basin.  These  systems  are  representive  of  the  water  resource  problems 
throughout  the  basin.  (See  map  on  next  page) 
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01-01  HIGHLAND  DITCH  COMPANY  -  is  located  in  Boulder  and  Weld  Counties, 
Colorado.  It  serves  35,000  acres  of  irrigated  cropland  on  the  north  side  of 
the  St.  Vrain  Creek  at  Longmont,  Colorado.  The  water  source  is  a  diversion  on 
St.  Vrain  Creek  at  Lyons,  Colorado.  It  carries  direct  diversions  along  with 
water  for  storage.  The  Highland  system  has  a  transmission  ditch  approximately 
21  miles  long  with  six  (6)  storage  reservoirs.  Two  of  these  storage  reservoirs 
are  exchange  r$ servoi rs  and  are  not  located  on  the  Highland  System  (Foothills 
Reservoir  and  McIntosh  Lake).  Three  reservoirs  are  on  the  Highland  Ditch 
System  (Highland  No.  1,  No.  2,  and  No.  3)  below  the  diversion  point.  Beaver 
Park  Reservoir  is  located  on  the  upper  head  waters,  south  of  Rocky  Mountain 
National  Park. 

The  Highland  Ditch  Company  serves  approximately  250  farms.  The  needs  of 
the  canal  include  work  on  Beaver  Park  outlet  works,  and  water-control 
structures  and  canal  lining  of  high  seepage  areas. 

The  onfarm  needs  include  ditch  lining,  farm  pipelines,  water-control 
structures,  land  leveling,  irrigation  water  management  (IWM)  and  irrigation 
method  changes. 

01-02  ROUGH  AND  READY  DITCH  -  is  located  in  Boulder  County,  Colorado.  It 
serves  500  acres  of  irrigated  cropland  on  the  north  side  of  St.  Vrain  Creek  at 
Longmont,  Colorado.  The  water  source  is  a  diversion  on  St.  Vrain  Creek  at 
Lyons,  Colorado.  It  carries  water  for  storage  along  with  direct  diversions. 
There  are  16.4  miles  of  canal  in  this  system.  The  canal  needs  include 
water-control  structures  and  canal  lining  of  high  seepage  areas. 

The  onfarm  needs  include  ditch  lining,  water-control  structures,  and 
irrigation  water  management. 

01-03  PALMERT0N  DITCH  -  is  located  in  Boulder  County,  Colorado.  It  serves  60 
acres  of  irrigated  cropland  on  the  north  side  of  St.  Vrain  Creek  at  Longmont, 
Colorado.  The  water  source  is  a  diversion  on  St.  Vrain  Creek  at  Lyons, 
Colorado.  It  also  carries  water  to  Longmont  Pipeline.  There  are  5.5  miles  of 
canal  in  this  system.  The  canal  needs  include  turnouts  and  checks  and  canal 
lining  of  high  seepage  areas. 

The  onfarm  needs  include  water-control  structures,  farm  pipeline,  and 
irrigation  water  management. 

01-04  LEFTHAND  DITCH  -  is  located  in  Boulder  County,  Colorado.  It  serves 
13,342  acres  of  irrigated  cropland  on  both  sides  of  Lefthand  Creek  (which  is 
Lefthand  Ditch).  The  system  also  carries  storage  water  for  domestic  use.  There 
are  50.8  miles  of  canal  in  this  system.  The  canal  needs  include;  diversions, 
measuring  units,  sluices,  checks,  canal  lining  (high  seepage  areas)  and  other 
structures. 

The  onfarm  needs  include;  measuring  units,  ditch  lining,  farm  pipeline, 
land  leveling,  irrigation  water  management,  arid  irrigation  method  changes. 
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01-05  BERGEN  DITCH  -  is  located  in  Jefferson  County,  Colorado.  It  serves  307 
acres  of  irrigated  cropland  and  pastureland  southwest  of  Denver,  Colorado.  The 
water  sources  is  a  diversion  on  Turkey  Creek  south  of  Morrison,  Colorado.  It 
carries  direct  diversions  along  with  water  for  storage.  Bergen  Ditch  has  8.23 
miles  of  canal  with  4  reservoirs.  The  needs  of  the  canal  include  canal  lining, 
measuring  units,  turnouts,  culverts,  also  two  reservoi rs  are  in  need  of  repair. 

The  onfarm  needs  include  ditch  lining,  land  leveling,  irrigation  water 
management,  and  a  change  in  irrigation  methods. 

01-06  PELLA  (has  been  combined  with  01-07) 

01-07  CLOVER  BASIN,  PECK,  AND  PELLA  DITCHES  -  are  located  in  Boulder  County, 
southwest  of  Longmont,  Colorado.  These  ditches  serve  2,345  acres  of  irrigated 
cropland  on  the  south  side  of  St.  Vrain  Creek.  The  water  source  is  a  diversion 
on  St.  Vrain  Creek  west  of  Longmont,  Colorado.  The  system  also  carries  storage 
water.  These  are  9  miles  of  canal  in  this  system.  The  canal  needs  include 
turnouts,  checks,  flumes,  canal  lining,  and  other  structures. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  and 
irrigation  management. 

01-08  GODDING  DITCH  -  is  located  in  Weld  County,  southeast  of  Longmont, 
Colorado.  The  ditch  serves  2,884  acres  of  irrigated  cropland.  The  water 
source  is  from  Idaho  Creek,  which  comes  from  Boulder  Creek.  There  are  5.7 
miles  of  ditch  east  of  Idaho  Creek.  The  needs  of  the  canal  include  canal 
lining  (because  of  the  high  seepage  losses,  gravel  area)  and  other  needed 
structures. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  and 
irrigation  water  management. 

01-09  GREELEY  AND  LOVELAND  CANAL  -  has  its  headgate  located  in  Larimer  County 
on  the  Big  Thompson  at  Loveland,  Colorado.  The  canal  goes  into  Weld  County 
where  most  of  the  irrigated  cropland  served  by  this  canal  is  located.  It 
carries  direct  diversions  along  with  water  for  storage.  The  canal  is  35  miles 
in  length  and  serves  17,000  acres  in  both  Larimer  and  Weld  Counties.  One  of 
the  storage  reservoirs  needs  some  repair  work  done  on  it.  This  system  also  has 
reservoirs  located  above  the  point  of  diversion  on  the  Big  Thompson.  Canal 
needs  include  bridges,  cleaning,  canal  lining  and  pipelines. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline,  land  leveling,  irrigation  water  management,  and  irrigation  method 
changes . 


12 


01-10  LARIMER  COUNTY  CANAL  -  is  located  in  Larimer  and  Weld  Counties.  It 
serves  49,892  acres  of  irrigated  cropland  in  these  counties.  The  water  source 
is  northwest  of  Ft.  Collins  on  the  Cache  La  Poudre  River.  It  carries  direct 
diversions  along  with  water  for  storage  in  11  reservoirs.  The  canal  length  is 
approximately  66  miles.  The  needs  of  the  canal  system  includes  minor 
improvement  on  ten  reservoirs,  canal  lining  and  cleaning. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline,  land  leveling,  irrigation  water  management,  and  change  in  irrigation 
methods . 

01-11  DRY  CREEK  AND  01-12  BARNES  DITCH  -  These  ditches  have  been  included  in 
with  01-09  Greeley  and  Loveland  Canal. 

01-13  JAMES  DITCH  -  is  located  in  Boulder  County,  Colorado.  It  serves  1,200 
acres  or  irrigated  cropland  on  the  south  side  of  St.  Vrain  Creek  at  Longmont, 
Colorado.  The  water  source  is  a  diversion  on  St.  Vrain  Creek  at  Lyons, 
Colorado.  It  carries  water  for  storage  along  with  direct  diversions.  There 
are  11.8  miles  of  canal  in  this  system.  The  canal  needs  include  turnouts, 
checks,  flumes,  and  canal  lining. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline,  and  irrigation  water  management. 

01-14  BRIGHTON  DITCH  -  is  located  in  Adams  County,  Colorado.  It  serves  1843 
acres  of  irrigated  cropland  west  and  northwest  of  Brighton,  Colorado.  The 
water  source  is  a  diversion  on  the  South  Platte  River,  southwest  of  Brighton. 
The  canal  needs  include  repair  on  diversion,  canal  lining,  and  realignment. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  irrigation 
water  management,  and  change  in  irrigation  method. 

02-01  JOHNSON  AND  EDWARDS  DITCH  -  is  located  in  Washington  County,  Colorado. 

It  serves  1,675  acres  of  land  on  the  south  side  of  the  South  Platte  River, 
between  the  South  Platte  River  and  Prewitt  Reservoir.  The  canal  is  3.5  miles 
in  length  with  the  water  source  being  the  South  Platte  River  and  the  Prewitt 
Inlet  Ditch  being  the  carrier  from  the  river  to  its  headgate.  The  canal  needs 
include  a  measuring  unit  and  canal  lining. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline,  irrigation  water  management  and  irrigation  scheduling. 

02-02  TETSEL  DITCH  -  is  located  in  Morgan  and  Washington  Counties,  Colorado. 

It  serves  1,275  acres  of  irrigated  cropland  on  the  north  side  of  the  South 
Platte  River,  southwest  of  Merino,  Colorado.  The  water  source  is  a  diversion 
on  the  South  Platte  River  in  Morgan  County.  There  are  6.5  miles  of  canal  in 
this  system.  The  canal  needs  include  a  diversion,  measuring  units,  sluice, 
turnouts,  and  canal  lining. 

The  onfarm  needs  include  farm  pipeline,  land  leveling,  irrigation  water 
management,  and  a  change  in  irrigation  method. 
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02-03  BIJOU  CANAL  -  is  located  in  Weld  and  Morgan  Counties,  Colorado.  It 
serves  approximately  25,000  acres  of  irrigated  cropland  in  these  counties.  The 
water  sources  are  1)  diversion  on  the  South  Platte  River  east  of  Hardin,  which 
gives  direct  flows,  2)  releases  from  Empire  Reservoir,  and  3)  exchange  water. 
The  Bijou  Canal  has  approximately  128  miles  of  transmission  ditches  with  the 
two  reservoirs.  The  canal  needs  include  turnouts,  checks,  flume,  canal  lining, 
and  cleaning.  The  onfarm  needs  include  water-control  structures,  ditch  lining, 
farm  pipelines,  land  leveling,  irrigation  water  management,  and  change  in 
irrigation  methods. 

02-04  RIVERSIDE  CANAL  -  is  located  in  Weld  and  Morgan  Counties,  Colorado.  It 
serves  21,000  acres  of  irrigated  cropland  on  the  north  side  of  the  South  Platte 
River.  The  diversion  is  located  in  Weld  County  east  of  Kersey,  Colorado,  on 
the  South  Platte  River.  The  Riverside  Inlet  carries  water  to  the  Riverside 
Reservoir  to  be  used  as  needed  by  the  water  users.  The  needs  on  the  104  mile 
canal  system  include  turnouts,  checks,  flumes,  wasteway,  cleaning  and  canal 
lining  of  high  seepage  areas. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline,  land  leveling,  irrigation  water  management,  and  change  in  irrigation 
method. 

02-05  TREM0NT  SNYDER  CANAL  -  is  located  in  Morgan  County,  Colorado.  It  serves 
4,500  acres  of  irrigated  cropland  on  the  northside  of  the  South  Platte  River, 
north  of  Brush,  Colorado.  The  water  source  is  a  diversion  on  the  South  Platte 
River  between  Brush  and  Fort  Morgan.  The  canal  is  14  miles  in  length.  The 
canal  needs  include  measuring  units,  sluice,  turnouts,  checks,  flume,  culverts, 
canal  lining,  cleaning,  enlargement,  and  other  structures. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline,  land  leveling,  irrigation  water  management,  and  a  change  in 
irrigation  method. 

02-06  SOUTH  PLATTE  CANAL  -  is  located  in  Washington  and  Logan  Counties, 
Colorado.  It  serves  2,049  acres  of  irrigated  cropland  on  the  south  side  of  the 
South  Platte  River.  The  water  source  is  a  diversion  on  the  South  Platte  west 
of  Prewitt  Reservoir.  The  canal  is  approximately  12  miles  in  length.  The 
canal  needs  include  a  diversion,  measuring  units,  sluice,  checks,  flumers  and 
canal  lining. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipelines,  and  irrigation  water  management. 

02-07  SPRINGDALE  DITCH  -  is  located  in  Logan  County,  Colorado.  It  serves  3,900 
acres  of  irrigated  cropland  on  the  north  side  of  the  Platte  River  at  Sterling, 
Colorado.  The  water  source  is  a  diversion  on  the  South  Platte  River  south  of 
Atwood,  Colorado.  The  canal  is  17  miles  in  length  and  has  needs  which  include 
a  diversion,  measuring  units,  a  sluice,  turnouts,  checks,  flumes,  culverts, 
canal  lining,  cleaning,  and  other  structures. 
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The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipelines,  land  leveling,  and  irrigation  water  management. 

02-08  NORTH  STERLING  CANAL  -  is  located  in  Morgan,  Washington,  and  Logan 
Counties,  Colorado.  It  serves  40,926  acres  of  irrigated  cropland  on  the  north 
side  of  the  South  Platte  River.  The  water  source  is  a  diversion  on  the  South 
Platte  River  north  of  Hi  11  rose  in  Morgan  County.  The  water  is  delivered  to 
North  Sterling  Reservoir  by  the  North  Sterling  Inlet  Canal.  The  total  length 
of  the  canal  plus  laterals  is  178  miles.  The  canal  needs  include  a  new 
diversion  and  canal  lining. 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline,  land  leveling,  irrigation  water  management,  and  change  in  irrigation 
method . 

02-09  FARMERS  PAWNEE  CANAL  -  is  located  in  Logan  County,  Colorado.  It  serves 
10,000  acres  of  irrigated  cropland  on  the  north  side  of  the  South  Platte  River, 
near  Sterling,  Colorado.  The  water  source  is  a  diversion  on  the  South  Platte 
River  southwest  of  Merino,  Colorado.  The  canal  is  approximately  28  miles  long 
with  needs  for  a  diversion,  measuring  units,  a  sluice,  turnouts,  checks, 
flumes,  culverts,  canal  lining,  canal  pipelines,  cleaning,  and  other 
structures . 

The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipeline  and  irrigation  water  management. 

03-01  JULESBURG  IRRIGATION  DISTRICT  -  is  located  in  Logan  and  Sedgwick 
Counties,  Colorado.  It  serves  26,560  acres  of  irrigated  cropland  on  the  north 
side  of  the  South  Platte  River  between  Sterling  and  Julesburg,  Colorado.  The 
water  source  is  a  diversion  on  the  South  Platte  River. 

Harmony  Ditch  delivers  water  to  Julesburg  Reservoir,  which  in  turn 
supplies  water  to  Highland  Canal,  Settlers  Ditch,  and  Peterson  Ditch.  There 
are  approximately  103  miles  of  conveyance  canals  and  ditches  that  serve  156 
farmers  in  this  system.  The  needs  of  these  canals  include  water-control 
structures,  canal  lining,  and  canal  pipeline. 

The  onfarm  needs  include  ditch  lining,  farm  pipeline,  water-control 
structures,  irrigation  water  management,  and  land  leveling. 
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03-02  PIONEER  DITCH  -  is  located  in  Yuma  County,  Colorado,  with  the  lower 
portion  being  in  Nebraska.  It  serves  2,690  acres  of  irrigated  cropland  on  the 
south  side  of  the  Republican  River  at  Laird,  Colorado.  The  water  source  is  a 
diversion  on  the  Republican  River.  There  are  approximately  17.5  miles  of  canal 
that  serves  26  farms  in  this  system.  The  needs  of  the  canal  include  an  off 
channel  storage  reservoir,  canal  lining,  upgrade  diversion,  and  water-control 
structures. 

The  onfarm  needs  include  ditch  lining,  farm  pipeline,  water-control 
structures,  irrigation  water  management,  and  a  change  to  sprinklers. 

03-03  LAIRD  CANAL  -  is  located  in  Yuma  County,  Colorado.  It  serves  251  acres 
of  irrigated  cropland  on  the  north  side  of  the  Republican  River  at  Laird, 
Colorado.  The  water  source  is  a  diversion  on  the  Republican  River.  There  are 
approximately  5  miles  of  canal  that  serves  8  farms  in  the  system.  The  needs  of 
the  canal  include  canal  lining  and  water-control  structures. 

The  onfarm  needs  include  ditch  lining,  farm  pipeline,  water-control 
structures,  irrigation  water  management,  and  a  change  in  irrigation  method. 

Tables  B  and  C  give  additional  information  on  these  23  irrigation  systems. 
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TABLE  B.  SUMMARY  OF  CHARACTERISTICS  OF  THE  23  IRRIGATION  SYSTEMS  EVALUATED 


MISSOURI  RIVER  BASIN,  COLORADO 


Company 

Irrigation 

Acres 

Mi  1  es 
Ditch 

# 

Res . 

Water 

Shortage 

% 

System 
Eff i ci ency 

% 

1-1 

Hi  gh  1  and 

35,000 

21 

6 

68% 

34% 

1-2 

R&R 

500 

16.4 

18% 

30% 

1-3 

Palmerton 

60 

5.5 

0 

33% 

1-4 

Left  Hand 

13,342 

50.8 

65% 

29% 

1-5 

Bergen 

307 

8.2 

4 

84% 

17% 

1-6 

Pella  Combined 

with  (1-7) 

1-7 

Clover  Basin 

2,345 

9 

69% 

29% 

1-8 

Goodi ng 

2,884 

5.7 

51% 

27% 

1-9 

Greel  ey-Lovel and 

17,000 

35 

2 

10% 

34% 

1-10 

Larimer  County 

49,892 

66 

11 

51% 

34% 

1-11 

Dry  Creek  Combined  with  (1- 

-9) 

1-12 

Barnes  Ditch 

Combined  with 

(1-9) 

1-13 

James  Ditch 

1,200 

11.8 

61% 

29% 

1-14 

Bri ghton 

1,843 

7.0 

18% 

32% 

Subtotal 

124,373 

236.4 

2-1 

Johnson  &  Edwards 

1,675 

3.5 

6% 

26% 

2-2 

Tetsel 

1,275 

6.5 

55% 

20% 

2-3 

Bijou 

25,000 

128 

3 

42% 

23% 

2-4 

Ri verside 

21,000 

104 

1 

3% 

22% 

2-5 

Tremont-Snyder 

4,500 

14 

8% 

22% 

2-6 

So.  Platte 

2,049 

12 

6% 

25% 

2-7 

Spri  ngdal  e 

3,900 

17 

14% 

29% 

2-8 

No.  Sterling 

40,926 

178 

1 

64% 

24% 

2-9 

Farmers  Pawnee 

10,000 

28 

26% 

25% 

Subtotal 

110,325 

491 

3-1 

Jul esburg 

26,560 

103 

1 

49% 

27% 

3-2 

Pi  oneer 

2,690 

17.5 

1 

58% 

21% 

3-2 

Lai  rd 

251 

5 

0 

23% 

Total 

(26)  Subtotal 

29,501 

125.5 

TOTAL 

(264,199) 

(852.9) 
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TABLE  C  IDENTIFIED  NEEDS  IN  THE  23  SYSTEMS  STUDIED 
MISSOURI  RIVER  BASIN,  COLORADO 
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A1 ternati ves 


Using  the  data  from  the  worksheets  for  these  canal  systems ,al ternati ve 
plans  were  developed  for  each  system.  The  alternative  plans  for  canals  and 
onfarm  improvements  were  composed  of  various  combinations  and  amounts  of  the 
following  elements:  canal  lining,  canal  pipelines,  diversion  structures, 
water-contnol  structures,  reservoir  modifications,  onfarm  ditch  linings,  onfarm 
pipelines,  land  leveling,  changes  in  irrigation  methods  and  irrigation  water 
management.  Plans  ranging  from  primarily  management  only  to  total  needed 
structural  and  management  treatment,  were  considered.  Each  alternative  plan 
was  evaluated  to  determine  its  impacts  on  water  supplies  -  both  surface  and 
ground-water  quality,  change  in  land  use  or  cropping  patterns  and  yields, 
change  in  production  costs,  and  change  in  operation,  maintenance  and 
replacement  costs.  The  computer  program.  Irrigation  Project  Evaluation  System 
(IPES),  was  developed  to  evaluate  and  compare  the  economic  effect  of  each 
alternative  with  their  yearly  benefits.  (See  Appendix  I  for  an  example) 

The  alternatives  for  possible  consideration  on  each  system  are  listed  as 
fol 1 ows : 

FWOP  -  Future  without  project. 

FWOP  #2  -  Future  without  project  with  limited  changes  in  cropping  patterns 
allowed  -  no  more  than  a  40  percent  reduction  and/or  10  percent  increase 
in  acres  of  any  crop. 

Alternative  #1  -  Irrigation  Water  Management 

Alternative  #2  -  "Canal  Company  Alternative"  -  Irrigation  Water 
Management  along  with  structural  measures  to  meet  onfarm  needs,  and 
measures  to  satisfy  canal  company  stated  needs  in  conveyance  system. 

Alternative  #2M  -  Same  as  alternative  #2  except  the  conveyance  system 
lining  lengths  were  modified  to  match  the  high  seepage  portions  of  the 
canal . 

Alternative  #3  -  Off-farm  (canal)  conveyance  system  structural  needs. 
(Irrigation  Water  Management  not  included) 

Alternative  #4  -  Onfarm  structural  needs.  (Irrigation  Water  Management 
not  included) 


Table  D  displays  the  most  economically  feasible  alternative  found  in  each  of 
the  23  systems  studied. 
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Results  of  System  Analysis 


Alternative  #1  -  Irrigation  Water  Management  was  found  to  be  economically 
feasible  in  all  of  the  systems  studied.  Alternative  #2  -  Canal  Company 
Alternative  was  found  to  be  economically  feasible  in  the  Larimer  County, 
Brighton,  Bijou  and  North  Sterling  systems.  This  alternative  was  also 
economically  feasible  in  the  Highland  systems;  however.  Alternative  #2M  -  Canal 
Company  Alternative  Modified  produced  higher  net  benefits.  Alternative  #4 
Onfarm  Structure  Needs  was  found  to  be  economically  feasible  in  the  Clover 
Basin  and  Farmers  Pawnee  systems. 

Table  E  summarizes  the  system  improvements  found  to  be  economically 
feasible  and  compares  this  with  the  system  improvements  believed  to  be 
needed,  shown  on  Table  A. 


Table  E  Economically  Feasible  Improvements  and  Remaining  Needs 
for  23  Sample  Irrigation  Systems  1/ 

Missouri  River  Basin,  Colorado 


Identified  Feasible  Remaining 


Item 

Unit 

Need 

Improvements 

Needs 

Canal 

Reservoir  Imp. 

No. 

6 

2 

4 

Lining 

Mi  1  es 

109 

26.6 

82. 

Pipel ine 

Mi  les 

10 

0 

10 

Diversion  Str. 

No. 

10 

2 

8 

Water  Control  Str. 

No. 

1,002 

13 

989 

Onfarm 

Ditch  Lining 

Mi  1  es 

310 

122 

188 

Pi  pel i ne 

Mi  1  es 

169 

63 

106 

Water  Cont.  Str. 

No. 

1,275 

607 

668 

Land  Leveling 

Ac. 

17,550 

8,200 

9,350 

Irr.  Water  Mgt.  2J 

Ac . 

264,199 

264,199 

0 

Convert  Irr.  Method  ^ 

Ac. 

13,500 

8,400 

5,100 

Cons.  Crop  System  ^ 

Ac. 

6,500 

3,000 

3,500 

1/  Sample  of  25  percent  of  predominantly  surface  water  supplied  systems. 
This  is  a  non-structural  practice  involving  improvements  such  as: 
irrigation  scheduling,  time  of  irrigation  set,  optimum  stream  size, 
tail  water  management. 

3/  Change  from  surface  systems  to  sprinkler  systems. 

1/  Non-Structural  practices  of  management  of  crop  residue. 
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Over  58  million  dollars  will  be  needed  to  construct  the  improvements  found 
to  be  economically  feasible  in  the  systems  studied.  However,  if  all  of  these 
improvements  are  installed  a  full  water  supply  can  be  given  to  149,000  acres. 
This  represents  an  increase  of  about  30,000  acres  from  the  present.  The 
remaining  irrigated  lands  under  these  systems  will  have  additional  water 
available,  but  not  enough  to  satisfy  all  the  crop  needs. 

Details  about  each  system  studied  along  with  copies  of  the  model 
outputs  can  be  found  in  the  Irrigation  System  Report  (WIR's)  published 
separately  for  each  system.  (An  example  is  shown  in  Appendix  J) 
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BASIN  CONCLUSIONS 


Introduction 


Over  1,580,000  acres  are  irrigated  within  the  study  area.  Of  this  area 
938,000  acres  are  located  in  the  South  Platte  River  Basin,  105,000  acres  in  the 
North  Platte  River  Basin  and  the  remaining  537,000  acres  located  in  the 
Republican  River  Basin.  Generally  the  area  in  both  the  North  and  South  Platte 
River  Basins  are  irrigated  predominantly  by  surface  water  while  the  area  in  the 
Republican  River  Basin  is  irrigated  predominantly  by  ground  water. 

The  23  ditch  systems  studied  supply  water  to  over  264,000  acres.  This  area 
represents  about  25  percent  of  all  the  land  irrigated  with  surface  water 
supplies  and  provides  a  good  sample  that  represents  the  problems  and  needs 
found  in  all  the  systems  located  downstream  of  Denver  in  the  South  Platte  River 
Basin.  The  sample  does  not  represent  high  elevation  systems,  such  as  those 
located  in  the  North  Platte  River  Basin  or  lands  irrigated  exclusively  with 
ground  water. 

Delivery  System  Needs  and  Potentials 


About  40  percent  of  the  irrigation  systems  managers  reported  that  a  new 
diversion  structure  is  needed  or  major  repairs  are  needed  to  their  existing 
diversion  structure.  This  study  showed  that  about  20  percent  of  the  needed 
work  can  be  economically  justified. 

All  of  the  system  managers  reported  that  some  canal  lining  would  improve 
their  system.  Water  control  structures  should  be  replaced  when  the  lining  is 
installed.  The  study  showed  that  about  24  percent  of  this  work  can  be 
justi fied. 

Generally  the  lining  of  high  seepage  reaches  of  canals  will  pay  when  the 
system  is  very  water  short.  As  this  is  a  very  high  construction  cost  item,  it 
can  be  justified  in  severe  areas  only.  Reservoir  improvements  were  identified 
in  26  percent  of  the  systems  studied.  Justification  of  these  improvements 
using  water  saving  alone  is  difficult.  The  study  did  not  address  dam  safety 
i ssues. 

Onfarm  Needs  and  Potentials 


Onfarm  ditch  lining  or  pipelines  were  recognized  as  needed  in  all  but  one 
system  of  those  studied.  Approximately  39  percent  of  the  lining  that  is  needed 
can  be  justified  based  upon  water  losses.  Other  benefits  such  as  labor  saved 
or  convenience  to  the  irrigator  were  not  addressed  in  this  study. 

As  with  ditch  lining,  onfarm  water  control  structures  were  identified  as 
needed  in  all  but  one  system.  About  48  percent  of  the  structures  identified  as 
needing  work  can  be  economically  justified. 
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Additional  land  leveling  needs  were  identified  on  over  6  percent  of  the 
area  studied.  About  one  half  of  this  work  will  produce  net  benefits  when 
evaluated  alone.  This  practice  is  needed  to  obtain  proper  irrigation  water 
management.  The  study  showed  that  all  of  the  irrigated  lands  needed  and 
produced  positive  net  benefits  when  proper  irrigated  water  management  is 
appl ied. 

Local  leaders  reported  that  about  five  percent  of  the  irrigated  land 
should  be  converted  to  sprinkler  irrigation  methods.  Over  62  percent  of  the 
conversion  can  be  justified  using  the  saving  in  water  and  resulting  crop 
production  increases.  Furrow  irrigation  efficiency  can  be  improved  by  using 
surge  irrigation  or  cablegation.  These  methods  will  save  water  and  increase 
crop  production. 

Water  Use 


Water  shortages  were  identified  in  21  out  of  the  23  systems  studied. 
Presently  about  45  percent  of  the  irrigated  lands  receive  a  full  water  supply. 
If  all  of  the  improvements  found  economically  feasible  were  installed,  a  full 
water  supply  could  be  supplied  to  over  56  percent  of  the  area.  This  amount  of 
improvement  in  the  full  water  supply  could  be  expected  throughout  the  basin 
when  projects  are  installed. 

Appendix  C  gives  a  general  accounting  of  water  supply  and  use  within  the 
basi n . 

A  Soil  Conservation  Service  computer  model  is  available  that  can  relate  a 
forecast  water  supply  to  irrigated  crop  water  requirements  in  a  water  balance 
type  analysis.  This  could  be  useful  in  making  crop  planting  decisions. 

Detailed  land  treatment  including  water  conservation  (IWM),  and/or 
structural  irrigation  measures  can  be  developed  through  programs  such  as  PL  566 
Cost  sharing  may  also  be  available.  However,  under  present  USDA  policy,  irriga 
tion  projects  receive  a  low  funding  priority.  The  chapter  on  implementation 
explains  USDA  and  non-USDA  programs  in  more  detail. 

Future  Project  Studies 


The  conclusions  drawn  in  the  discussion  above  are  based  upon  current  crop 
prices,  yields,  interest  rates,  construction  costs  and  other  current  factors. 
As  these  factors  change  overtime  the  economic  viability  of  project  action  will 
change.  These  factors  will  not  change  the  fact  that  the  area  is  water  short. 
Economically  feasible  actions  to  conserve  or  make  better  use  of  the  available 
water  supply  will  help  all  irrigators  throughout  the  basin. 
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IMPLEMENTATION 


Introduction 


This  chapter  outlines  the  federal,  state  and  local  programs  which  may  be 
used  to  assist  with  implementation  of  various  alternative  treatment  measures. 
Specific  request  for  assistance  must  be  made  before  any  of  the  alternative 
measures  can  be  implemented  on  private  lands. 

USDA  PROGRAMS 


Forest  Service 

Multiple  Use  -  Sustained  Yield  Act 

This  Act  provides  for  the  management  and  development  of  the  recreation 
resource  on  national  forests.  Forest  Service  recreation  programs  are 
coordinated  with  the  private  sector  and  other  government  agencies  to  avoid 
duplication  of  effort. 

Forest  resources  on  national  forest  lands  are  managed  to  conserve  the  land 
and  its  natural  vegetation  while  providing  feed  for  livestock  and  wildlife. 
Under  the  multiple  use  management  concept,  grazing  lands  are  also  required  to 
be  managed  for  their  watershed,  wildlife  and  recreation  values.  Programs  for 
rehabilitating  poor  condition  range  lands  to  increase  forage  production  are  an 
important  part  of  the  Forest  Service  range  programs. 

The  Act  also  makes  provisions  for  timber  management  and  includes  the 
various  management  practices  designed  to  improve  the  vigor,  stocking, 
composition,  productivity  and  quality  of  forest  stands. 

Small  Watershed  Program  -  Public  Law  83-566 

In  cooperation  with  other  USDA  Agencies,  this  program  involves  planning 
and  implementing  measures  for  the  protection,  conservation  and  improvement  of 
land  and  water  resources.  Through  national  forest  management  and  cooperative 
programs  with  state  and  local  governments,  and  private  landowners,  the  Forest 
Service  participates  in  the  protection,  management  and  use  of  forest  and 
associated  watershed  lands.  Through  Public  Law  566  assistance  is  provided  for 
gully  stabilization,  erosion  control,  rehabilitation  of  abandoned  roads  and 
trails,  restoration  of  mined  areas,  and  full  development  of  multiple  use  on 
state  and  private  lands. 

Cooperative  Forestry  Assistance  Act  of  1978  -  Public  Law  95-313 

Under  this  program  the  Forest  Service  is  authorized  to  work  through  and  in 
cooperation  with  State  Foresters  and  equivalent  State  officials  in 
implementing  Federal  programs  affecting  nonfederal  forest  land  by  providing 
assistance  in  (1)  the  advancement  of  forest  resource  management;  (2)  the 
encouragement  of  the  production  of  timber:  (3)  the  prevention  and  control  of 
insects  and  diseases  affecting  trees  and  forests;  (4)  the  prevention  and 
control  of  rural  fires;  (5)  the  efficient  utilization  of  wood  and  wood 
residues,  including  the  recycling  of  wood  fiber;  (6)  the  planning  and  conduct 
of  urban  forestry  programs;  (7)  the  improvement  and  maintenance  of  fish  and 
wildlife  habitat;  and  (8)  the  enhancement  of  the  soil  and  water  resources. 
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This  program  complements  the  policies  and  directions  set  forth  in  the 
Forest  and  Rangeland  Renewable  Resource  Planning  Act  of  1974. 


Soil  Conservation  Service 

Assistance  to  Soil  Conservation  Districts  -  Public  Law  46 

Under  the  authorities  of  this  program,  the  Soil  Conservation  Service 
through  local  conservation  districts  assists  both  individuals  and  groups  in 
the  planning  and  application  of  needed  soil  and  water  conservation  on 
private  lands.  This  Act  can  provide  technical  assistance  to  landowners  for 
conserving  land  and  water  resources  in  the  Basin  in  the  national  interest. 

Small  Watershed  Program  -  Public  Law  83-566 

Under  the  authorities  of  this  program,  USDA  agencies  provide  assistance 
to  sponsoring  local  organizations  in  planning  and  carrying  out  a  program  for 
the  development,  use  and  conservation  of  the  soil  and  water  resources  of  a 
small  watershed  area.  This  includes  treatment  and  protection  of  federally 
owned  land  within  such  watershed  areas. 

Great  Plains  Conservation  Program 

USDA  assistance  under  this  program  is  designed  to  accelerate  the 
application  of  needed  conservation  practices  to  conserve  land  and  water 
resources  on  private  land.  The  program  can  provide  cost-sharing  to  help 
offset  the  cost  to  landowners  in  the  designated  Great  Plains  counties.  All 
the  counties  in  the  Basin,  except  for  Denver,  Jackson,  Gilpin  and  Clear 
Creek  Counties,  are  designated  as  Great  Plains  counties. 

Resource  Conservation  and  Development  Program 

The  Resource  Conservation  and  Development  Program  (RC&D),  administered 
by  the  Soil  Conservation  Service,  is  designed  to  expand  the  economic 
opportunity  for  people  in  approved  planning  areas.  Under  the  program,  USDA 
agencies  provide  technical,  cost-sharing  and  loan  assistance  to  local 
sponsors  by  developing  and  carrying  out  action  plans  for  conservation 
improvement,  development  and  wise  use  of  natural  resources.  The  East 
Central  Colorado  RC&D  area  is  located  within  part  of  the  Missouri  River 
Basin. 


Cooperative  Snow  Surveys 

Snow  surveys  conducted  by  the  SCS  provide  a  means  of  water  supply 
forecasting.  More  effective  utilization  of  water  is  possible  by  having  advance 
knowledge  of  seasonal  and  annual  water  supplies.  Snow  surveys  have  been 
conducted  within  the  basin  since  1930.  Regular  forecasts  are  made  monthly 
during  the  winter  and  spring  and  a  "Forecast  of  the  Water  Supply  Outlook"  is 
published  by  the  SCS.  These  are  distributed  to  all  water  users,  water  resource 
agencies,  and  others  who  utilize  these  data.  Appreciable  assistance  is 
provided  by  other  Federal  and  State  agencies  as  well  as  private  corporations 
and  individuals. 
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Assistance  can  be  provided  to  irrigation  ditch  companies  to  develop  and 
apply  water  management  plans  based  on  relating  SCS  streamflow  forecasts  to 
their  anticipated  water  deliveries  for  the  irrigation  season.  The  companies 
can  then  project  anticipated  water  deliveries  to  individual  farms  where  the 
landowner  can  make  rational  choices  between  cropping  alternatives. 

Ogallala  Targeted  Area 

A  six  state  study  authorized  by  Congress  has  been  completed.  The  study 
investigated  the  extent  of  groundwater  depletion  of  the  Ogallala  Aquifer,  its 
impacts  on  the  High  Plains  Area,  and  made  recommendations  for  action.  The 
Economic  Development  Administration  of  the  Department  of  Commerce  managed  the 
project.  The  Colorado  portion  was  conducted  by  Colorado  State  University, 
Colorado  Division  of  Water  Resources,  Colorado  Department  of  Local  Affairs,  and 
Colorado  Office  of  Energy  Conservation.  The  Colorado  Department  of  Agriculture 
coordinated  research  and  public  involvement. 

The  study  developed  20  recommendations  to  address  the  problems  associated 
with  groundwater  depletion.  Recommendation  #13  was  for  SCS  to  target 
assistance  into  the  Ogallala  Region.  Since  1983,  SCS  has  targeted  technical 
assistance  funds  to  improve  IWM  and  prolong  the  useful  life  of  the  Ogallala 
Aquifer  for  the  objective  of  supporting  stable  agricultural  enterprises.  The 
primary  purpose  is  to  take  actions  which  will  lead  to  more  efficient  use  of 
water  and  energy. 

Agricultural  Stabilization  and  Conservation  Service 

Agricultural  Conservation  Program  (ACP) 

The  ACP  administered  by  the  Agricultural  Stabilization  and  Conservation 
Service  provides  funds  for  cost-sharing  with  individual  and  groups  of 
landowners  and  operators  for  the  installation  of  conservation  practices. 

Forestry  Incentive  Program  (FIP) 

The  Forestry  Incentives  Program  (FIP)  provides  long-term  technical  and 
financial  assistance  to  forest  land  owners.  It  is  a  cost  share  program  with 
the  purpose  of  providing  for  road  access,  forest  protection,  and  timber  stand 
improvement. 


Farmers  Home  Administration 


Loan  Programs  (FmHA) 

The  Farmers  Home  Administration  is  authorized  to  make  loans  to  various 
non-federal  landholders  for  the  implementation  of  various  land  and  water 
development  measures.  Landholders  eligible  for  these  loans  are  public  and 
quasi-public  bodies,  nonprofit  corporations  and  private  individuals  or  groups 
owning  land.  Loan  assistance  is  available  for  the  development  of  recreation 
areas,  irrigation  and  flood  prevention  facilities,  and  forestry  and  land 
treatment  measures.  Loans  from  FmHA  may  be  used  to  pay  the  local  share  of  most 
watershed  projects  and  RC&D  measures. 


27 


Cooperative  Extention  Service 

The  Extension  Service  serves  as  liaison  between  research  agencies, 
educational  institutions,  local,  federal,  and  state  agencies,  landowners,  and 
other  individuals.  It  makes  information  and  education  materials  in  improved 
crop  varieties  and  livestock,  land  management  use  and  practices,  soil  testing, 
and  other  similar  problems  relating  to  livestock,  crops,  range,  farm 
management,  and  economics  available  to  all  groups  of  individuals  who  are 
i nterested. 

County  Agents  in  the  Basin  are  actively  assisting  in  the  identification  and 
solutions  of  the  water  and  related  land  resource  problems  and  needs. 

Other  Programs  -  Federal  Agencies 


United  States  Department  of  Interi or-Bureau  of  Reclamation 

Narrows  Unit,  Colorado 

The  proposed  project  is  located  along  the  South  Platte  River  approximately 
7  miles  west  of  Fort  Morgan,  Colorado.  The  project  is  anticipated  to  be  a 
multipurpose  development  serving  the  functions  of  irrigation,  flood  control, 
recreation,  fish  and  wildlife  enhancement,  and  improvement  of  water  quality. 
Storage  water  would  be  released  as  necessary  from  the  reservoir  to  supplement 
irrigation  downstream  on  approximately  166,370  acres  of  the  Lower  South  Platte 
Water  Conservancy  District. 

Other  Programs  -  State  Agencies 


Colorado  Water  Conservation  Board 

The  broad  statutory  mandate  of  the  Colorado  Water  Conservation  Board  is 
to  secure  the  greatest  utilization  of  the  water  of  the  state,  to  prevent 
floods,  and  to  protect  the  rights  of  the  state  in  interstate  streams.  In 
this  context,  the  Board  is  the  state's  policymaking  and  water  planning  agency 
in  all  matters  concerning  intra-  and  interstate  water  development, 
conservation  and  management.  Furthermore,  it  has  the  responsi bi 1 i ty  of 
coordinating  its  functions  with  other  state  agencies  and  with  other  units  of 
government,  both  federal  and  local,  and  of  representing  the  state  in 
interstate  forums. 

The  Colorado  Water  Conservation  Board  is  responsible  for  carrying  out 
programs  in  seven  major  areas: 

Project  planning  and  construction; 

Flood  control  and  floodplain  management; 

River  basin  (regional)  planning; 

Protection  of  interstate  waters  and  compacts; 

Instream  flow  appropriations; 

Colorado  River  Basin  salinity  control; 

Hydrologic  investigations. 
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Colorado  State  Conservation  Board 

The  State  Soil  Conservation  Board  is  charged  with  the  responsibility  of 
fostering  the  conservation  of  soil  and  water  resources  of  the  State  by 
disseminating  information  throughout  the  state  concerning  the  activities  and 
programs  of  Soil  Conservation  Districts  and  promoting  and  assisting  in  the 
organization  of  Soil  Conservation  Districts.  The  Board  is  charged  with  the 
allocation  of  state  funds  used  for  financial  assistance  to  the  Soil 
Conservation  Districts. 

The  Board  receives  watershed  protection  and  flood  prevention  applications 
and  determines  feasibility  for  them.  The  Board  may  act  as  the  state 
contracting  agency.  It  may  also  serve  in  the  same  capacity  for  resource 
conservation  and  development  projects  within  the  state. 

The  Board  is  also  charged  with  coordinating  the  programs  for  soil 
conservation  districts  within  the  state  through  the  supervisors  of  local 
district  boards.  The  Board  also  acts  as  liaison  between  local  soil 
conservation  districts  and  a  number  of  federal  agencies  on  problems  pertaining 
to  local  districts  and  member  landholders. 

Colorado  Division  of  Water  Resources-State  Engineer 

This  Division  is  responsible  for  the  administration  of  the  water  supply 
of  the  state.  The  state  statutes  mandate  that  this  division  shall  ensure 
that  the  state  waters  are  preserved  for  the  use  and  benefit  of  the  citizens 
and  inhabitants  of  the  state  for  its  growth,  property  and  general  welfare. 

The  Division  of  Water  Resources  is  responsible  for  carrying  out  the 
following  activities: 

a.  Operations  of  the  Information  Service  program.  This  involves  the 
collection,  storage,  and  dissemination  of  water  rights  data  and 
results  of  technical  investigations  and  provides  information  to  the 
general  public. 

b.  Statewide  regulation,  analysis  and  coordination  of  groundwater  use 
and  supply  in  the  state. 

c.  Evaluation  of  Colorado's  surface  water.  This  includes: 

(1)  Evaluation  and  approval  of  plans  for  new  dams  and  inspection  of 
existing  dams  to  maintain  adequate  safety  standards. 

(2)  Coordination  of  the  actual  measurement  of  surface  water 
suppl  i es. 

(3)  Evaluation  and  approval  of  requests  for  surface  water  supplies 
by  subdivisions,  industries,  etc. 

(4)  Collection,  storage,  and  evaluation  of  data  on  the  amount  of 
water  available  in  the  state. 

(5)  Provides  geo-technical  support  within  the  Division  and  to  other 
state  agencies. 
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Colorado  Geological  Survey 


The  survey  is  engaged  in  continuous  programs  in  four  major  activites 
i ncl udi ng: 

a.  Inventory  and  evaluate  the  mineral  fuel  resources  (coal,  methane, 
oil,  gas,  and  oil  shale)  in  the  state  and  provide  advice  to  state 
and  local  officials  on  matters  relating  to  these  resources. 

b.  Inventory,  map,  evaluate  and  promote  the  development  of  the  state's 
mineral  resources  other  than  mineral  fuels. 


c.  Study  the  availability  of  groundwater  and  geothermal  resources. 


d.  Conduct  project  reviews  on  land  use,  subdivision  proposals,  and 
assist  local  governments  in  the  identification  and  mitigation  of 
geologic  hazard  areas. 

Colorado  Division  of  Parks  and  Outdoor  Recreation 


This  Division  is  involved  in  continuous  activities  to  protect,  preserve, 
enhance  and  manage  tha  natural,  scenic,  scientific  and  outdoor  recreation 
areas  for  the  use,  benefit  and  enjoyment  of  the  people.  Specifically,  the 
Division  is  responsible  for: 


a.  Providing  a  comprehensive  outdoor  recreation  program  of  planning, 
acquisition,  and  development  of  park  areas. 

b.  Operate  and  manage  existing  parks  and  recreation  areas. 

c.  Administer  the  Federal  Land  and  Water  Conservation  Fund. 

Two  significant  recreation  areas  in  the  Missouri  Tributaries  River  Basin 
are  administered  by  the  Division,  and  are  associated  with  Chatfield  and 
Cherry  Creek  reservoirs. 

Colorado  Division  of  Wildlife 

This  Division  is  responsible  for  the  protection,  preservation, 
enhancement  and  management  of  wildlife  and  their  environment.  Three  major 
programs  are  implemented,  on  a  continous  basis,  to  accomplish  these 
objecti ves : 

a.  Maintenance  of  wildlife  population  numbers  and  providing  hunting 
opportuniti es. 

b.  Maintenance  of  fish  population  and  providing  fishing  opportunities. 

c.  Administers  the  Non-Game  Wildlife  Progam. 
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Specific  programs  underway  in  the  Missouri  Tributaries. 

a.  Research  on  annual  production  and  distribution  of  sport  fish. 

b.  Operation  fish  hatcheries  and  rearing  facilities. 

c.  Lake  habitat  improvement. 

d.  Fisheries  inventory  and  development  -  numberous  streams  and 
reservoi rs. 

e.  Evaluation  of  sport  fisheries  potential  in  fluctuating  plains 
streams  and  reservoirs. 

f.  Non-game  habitat  improvement  investigations. 

g.  Improvement  of  wildlife  habitat  on  public  and  private  lands. 

h.  Stream  improvement  on  private  lands. 

i.  Administration  of  state  wildlife  management  areas. 

Colorado  Division  of  Water  Quality  Control -Water  Quality  Control  Commission 

The  Division  is  responsible  for  the  development  and  maintenance  of  a 
comprehensive  and  effective  program  for  the  prevention,  control,  and  abatement 
of  water  pollution  for  water  quality  protection.  In  connection  with  this 
function,  the  Division  shall  classify  the  waters  of  the  state,  promulgate  water 
quality  standards,  control  regulations,  and  waste  discharge  permit  regulations, 
enter  into  contracts  with  municipalities  and  individuals  with  respect  to  the 
location,  construction,  financing,  and  operation  of  sewage  treatment  plants. 
Administration  of  these  programs  is  accomplished  by  the  Division  of  Water 
Quality  Control. 

Northern  Colorado  Water  Conservancy  District 

The  Northern  Colorado  Water  Conservancy  District  operates  certain  features 
of  the  Colorado-Big  Thompson  Project.  This  project  supplies  supplemental 
irrigation  water  to  much  of  the  western  South  Platte  Basin.  In  addition  the 
District  is  continuing  to  perform  and  sponsor  studies  to  identify  approaches 
for  conserving,  developing,  and  efficiently  utilizing  regional  water  resources 
for  irrigaiton,  hydroel ectri c  power  generation,  recreation,  municipal  and 
industrial  uses,  and  fish  and  wildlife  uses. 
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APPENDIX  A 


CLIMATE 


Preci pitation 


An  important  feature  of  precipitation  in  the  plains  of  Colorado  is  the 
large  proportion  of  the  annual  total  which  falls  in  the  growing  season  -  70 
to  80  percent  during  the  period  from  April  through  September.  Summer 
precipitation  in  the  plains  is  largely  from  thunderstorm  activity  and  is 
sometimes  extremely  heavy.  Precipitation  decreases  gradually  from  the 
eastern  border  to  a  minimum  near  the  mountains  and  then  increases  rapidly 
with  increasing  elevation  of  the  foothills.  Most  precipitation  in  the 
higher  mountains  occurs  in  the  winter  months.  Summer  rainstorms  do  not  have 
the  intensity  or  duration  of  those  in  the  plains  or  front  range  foothills. 
The  mountain  snow  pack  provides  spring  runoff  and  summer  base  flow  to 
streams  serving  those  irrigated  croplands  concerned  with  in  this  study. 

Figure  A-l  gives  a  seasonal  distribution  of  precipitation,  and  Table  A-l 
gives  normal  annual  values  at  selected  locations.  Figure  A-2  shows  average 
snow  depths  and  water  equivalent  at  a  selected  snow  course  in  the  mountains. 
Figure  A-3  is  a  general  mean  annual  precipitation  map  of  the  basin. 

Temperature  and  Growing  Season 


Most  of  Colorado  has  a  cool  and  invigorating  climate  which  could  be 
termed  a  highland  or  mountain  climate  of  a  continental  location. 

Summer  daily  maximum  temperatures  are  often  95°F  or  above  in  the  plains 
below  5,000  ft.  elevation.  The  usual  winter  extremes  are  from  zero  to  10°F 
below  zero.  At  the  western  edge  of  the  plains,  near  the  foothills,  there 
are  a  number  of  significant  changes  in  climate  as  compared  to  the  plains. 
Areas  near  the  mountains  have  less  average  wind  movement  but  have  severe 
turbulent  winds.  Temperature  changes  from  day  to  day  are  not  as  great, 
however  summer  temperatures  are  lower  and  winter  temperatures  higher. 

Northeastern  Colorado  has  a  growing  season  averaging  140  days,  which  is 
suitable  for  crops  such  as  wheat,  spring  grains,  corn,  alfalfa,  and  sugar 
beets.  The  mean  date  of  first  32°F  temperature  in  spring  varies  from  about 
May  10  in  the  plains  to  May  30  along  the  front  range  foothills.  The  mean 
date  of  first  32°F  temperature  in  Autumn  varies  from  about  September  30  in 
the  plains  to  August  30  along  the  front  range  foothills. 

The  mean  temperatures  and  frost  dates  for  selected  locations  are  shown 
in  Table  A-2. 
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Table  A-1  Normal  Annual  Precipitation 

Location  Normal  Annual  Precipitation  J _/ 

Inches 


Julesburg  17.44 

Fort  Morgan  13.20 

Longmont  12.74 

Denver  WSO  12.95 

Cheesanan  15.48 

Higher  Mountains  Up  to  40 


]_/  1941-70  case  period 


Precipitation  (Inches) 


Figure  A-1  Monthly  Precipitation  for  Selected  Locations 
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Table  A-2  Mean  Temperature  and  Frost  Dates 


(Degrees  F) 


Month 

Jul esburg 

Ft.  Morgan 

Longmont 

Denver 

January 

27.7 

24.3 

26.8 

29.9 

February 

32.4 

29.8 

31.0 

32.8 

March 

37.4 

36.0 

35.9 

37.0 

Apri  1 

49.8 

48.2 

47.1 

47.5 

May 

59.5 

58.0 

56.6 

57.0 

June 

68.9 

67.5 

65.0 

66.0 

July 

76.1 

74.0 

71.6 

73.0 

August 

74.5 

71.9 

69.9 

71.6 

September 

64.4 

62.2 

61.0 

62.8 

October 

52.9 

51.0 

50.4 

52.0 

November 

39.1 

36.7 

37.4 

39.4 

December 

30.5 

28.2 

30.3 

32.6 

Annual 

51.1 

49.0 

48.6 

50.1 

Spring  Frost  Date 

32°  Frost 

May  7 

May  7 

May  9 

May  5 

Fall  Frost  Date 

32°  Frost 

October  4 

October  5 

September  30 

October  12 

60 

50 

40 

30 
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10 
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Figure  A-2  Snow  Data  for  University  Camp  Snow  Course 
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MISSOURI  RIVER  TRIBUTARIES 
COLORADO 


APPENDIX  B 


LAND 


Soi  1  s 


The  general  soil  map  locates  soil  with  similar  characteri sties  and 
suitability  within  the  basin,  (see  soils  map  and  legend).  Broad  characteristics 
and  relationships  can  then  be  used  to  interpret  the  potential  of  soils  for 
agricultural,  wildlife,  recreati onal ,  commercial  and  industrial  uses.  Problems  of 
erosion,  sediment  yield,  land  use  and  future  development  are  interrelated  with 
soils  and  their  distribution. 

The  General  Soils  Map  was  prepared  by  delineating  mapping  units  that  differ 
from  each  other  in  the  kinds  of  soils  that  are  present.  Soils  in  each  mapping 
unit  form  patterns  that  are  repeated  from  place  to  place. 

Mapping  units  were  defined  and  described  according  to  requirements  imposed  by 
the  map  scale  and  criteria  from  "Soil  Taxonomy"  published  December  1975.  The  soil 
map  unit  numbers  in  this  report  correspond  to  the  soil  map  unit  numbers  of  "Soils 
of  Colorado"  published  July  1977,  by  CSU  Experiment  Station  -  Bulletin  566S. 

Assistance  on  the  soils  is  available  at  the  local  Soil  Conservation  Service 
office.  Published  Soil  Survey  can  also  be  obtained  at  these  offices.  "Important 
Farmlands"  maps,  which  include  prime  land,  are  available  for  purchase  through  the 
Bulletin  Room  171,  S.W.  Wing  Aylesworth  Hall,  Colorado  State  University, 

Ft.  Collins,  Colorado  80523.  Phone:  (303)  491-6198. 

Natural  Basin  Features 


The  Missouri  River  Tributaries,  Colorado,  contains  all  of  the  North  and  South 
Platte  Rivers  and  Republican  River  drainages  in  Colorado.  Figure  1  shows  the 
location  of  the  study  area.  The  total  area  consists  of  19,121,000  acres. 
Elevations  in  the  basin  vary  from  high  mountain  peaks  of  14,000  plus  feet  above 
mean  sea  level  and  high  mountain  passes  of  11,000  feet  in  the  Rocky  Mountains 
through  foothills,  plains  and  river  bottomlands  to  about  3,400  feet  mean  sea  level 
at  Laird,  Colorado.  Two  distinguishable  major  physical  divisions  characterize  the 
basin . 

The  Rocky  Mountain  System  occupies  approximately  25  percent  of  the  basin. 

The  Southern  Rocky  Mountain  province  occupies  all  of  the  Rocky  Mountain  System 
while  the  High  Plains  province  occupies  all  of  the  Interior  Plains  System.  The 
Southern  Rocky  Mountain  province  has  extensive  areas  of  coniferous  forests  and 
intermingled  mountain  parks  supporting  mixed  grasses  and  shrubs.  There  are  a 
number  of  intermountain  valleys  between  the  mountain  masses.  These  areas  are  used 
mainly  for  grazing.  The  Rocky  Mountain  portion  of  the  basin  is  a  primary  source 
of  water  for  the  North  and  South  Platte  Rivers. 

The  High  Plains  province  slopes  gently  eastward  from  the  Rocky  Mountains.  It 
occupies  approximately  75  percent  of  the  basin.  The  plains  are  characterized  by 
nearly  level  to  rolling  tablelands,  with  hilly  to  rough  broken  areas  along  the 
valley  sides.  Stream  dissection  is  well  established,  with  broad  smooth  divides 
between  the  larger  drainages. 
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SOILS  OF  COLORADO 


JULY  1977 


LEGEND 


A  IF  I  SOL  S 

BORA  If  $ 

Ciyotofolit 

TfPIC  CRyOBORAlFS 

1  Typic  Cryobor«lf*.  Ske1etal-R®k  Outer®  *l®1ng  to  3fc©&® 

2  Tye»C  Cryo60f«lf«:  1 04®.  5 100'«<3  to  ItNP 

TfPIC  EUTROBORALfS 

J  Typic  Eutr®oralf*.  cUjr«y-«OCk  Outer®:  Steep 
rSAWRNTlC  EUTROBORALFS 

4  Psarwentlc  Eutr®oralfs-Ar1d1C  Maplaborol ll :  lossy.  gently  *l®1ng 

and  sloping 

At  IOISOIS 

AtCiDS 
Moplorf  >dl 

TYPIC  HtPittCIOS  -  FRICIO 

5  Typtc  Htpltrgids,  1 04® -Typic  TorrlorthentS.  Skeletal  neerly  level  and 

gently  Sl®ing 
TyPIC  'UPLkRGIOS  -  HESIC 
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and  sloping 
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17  Typtc  Natrargids ,  dayey-Typtc  Torrtpsaa— nts :  m§r1y  level  to  Moderately 

steep 

•JSTOlllC  HATRARGIOS  -  KSIC 

ie  Ustolltc  Hatrargtds.  clayey-Ustollic  Haplargids.  loa®  nearly  level  to 
s loping 
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TfPIC  CALCIORThIDS  -  FRIGID 

)f  Typic  Calciorthlds .  skeletal -Boro  1 lie  Caldortnids .  loa®:  nearly  level 
to  sloping 

TYPIC  CALCIORTHIDS  -  »CSIC 

20  Typtc  Caldortnids.  skeletal -Us tic  Tornorthents ,  looay.  gently  sloping 
to  no®rauly  steep 
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to  node  rate  I  y  steep 
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ll  Borolllc  Litnic  CaAortMds.  Skeletal-Rock  Outcrop,  gently  sloping  to 
steep 

BOROLLIC  VERTIC  CAMORTHIDS 

1 3  Borolllc  Verttc  Ca®orthids:  clayey,  gently  sloping  to  Moderately  steep 

lithic  cmborthids  •  MCS1C 

24  Lithic  CarfcorthlOS-LI  thlc  ustlc  TorrlorthentS  :  loasy.  steep 
USTERIC  CW«ORThIOS  •  i€SIC 

25  Usteric  Ca®orthid*  clayey,  nearly  level 
JSTOLLIC  CARBORTHIDS  -  KSIC 

26  UstolHc  Ca*®orthids-Ust1c  Tornorthents  (shall®):  clayey. 

near ly  level  to  sloping 
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FLUVENTS 

To*'  >f  Iwvenit 

T»n,c  TOPRIFLUVENTS  -  «SIC 

23  TyPiC  Torrlf luventS  Silty,  nearly  level 

USTIC  TORRIFLUVCHTS  -  FRIGIO 

29  Ustic  Torn f luventS ,  loa®-Typ1c  F)u*aCu*ntS.  clayey  nearly  level  and 

nently  sloping 
USTIC  ’ORRIFLUVEHTS  -  P4CS IC 

30  ustic  Torn f luventS  loa®;  nearly  level  and  gently  sloping 
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32  Lithic  Cryorthents  .  skelete  l -Rock  Outer®  steep 
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TfPIC  TORRIORThENTS  -  HESIC 

S3  Typic  Tornorthents  shall®)  clayey,  gently  sloping  to  steep 
USTIC  TORRIORThENTS  -  FRIGIO 
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35  ustic  Torriortnents-'ridic  Ar-lporolls:  loa®.  -early  level  to 

S loping 

USTIC  TORRIORTHENTS  -  hESIC 

36  Ustic  Tornorthents :  loa®.  gently  sloping 

37  ustic  Torn  or  then  ts -us  to  1 1 1c  Calclorthids  loamy,  nearly  level 

38  USti:  Torrlorthents  Silty,  nearly  level  and  gently  slopma  (Brule  material*/ 

39  ustic  Tomortnents  Silty,  gently  sloping  to  Steep  (Loess) 

40  USt*C  Torriortne-ts .  Sllty-Lithic  JStiC  Torri or thents .  lO#®:  gently  sloping 
LITHIC  USTIC  TORRIORThENTS  -  FRIGID 

41  Lithic  ustic  Tornorthents-Ustlc  Torrlorthents :  loamy,  sloping  to 

steep 

LITHIC  USTIC  TORRIORThENTS  -  HESIC 

42  Lithic  ustic  Tornorthents ,  loe®-*ock  Outcrop  gently  sloping  to  Steen 

Jiierititiih 

T*pIC  USTORThENTS  -  FRIGID 

43  Typic  Ustorthents  skeletal;  nearly  level 
pSammEnTS 

Torr>®MH«nt| 

T»ojc  TORRI^SAWIENTS  -  FRIGID 

«4  Typic  Tomosaments ;  nearly  level  to  steep 

USTIC  TORRI PSA*WENTS  -  HESIC 
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46  Ustic  Torn  DsamMenti-intOl  lie  Haplargids.  Io*®  gently  sl®mg  to  Mp®  r. 
ately  steep 


INCEPTISOLS 

UMBREPTS 

C<yv*"br*D»l 

PERGELIC  CRfUWREPTS 

A7  Perqehc  Cr*u"t>r*ots .  skeleu  1  -Perge  1 1 c  Cryochrepts.  skeletal-Rock  Outer® 
sloping  to  Steep 

^OLLISOLS 

AQuOlLS 

ArgioeuolU 

TfPIC  ARGIAOUOLLS  -  FRIGID 

48  Typic  Argiaauolls.  loaMy-Aerlc  Halaguepts.  clayty-Typlc  Haplao®11s.  loae^ 
nearly  level 

Cryo<x*olit 

TfPIC  CRfAQUOLtS 

«•  Typic  Cryaouol Is-Argic  Cryaquolls,  1 Oe"y-CiAlu 1 1 c  CryaQuO I  IS :  loamy, 
nearly  level  and  'jently  sloping 

BOtOlLS 

A/g.borolli 

10  ArldlC  Arglborol  lf-Llthlc  Arglborolls:  Skeletal;  $l®1ng  to 
steep 

51  Andie  Arglborolls,  lo««y-Rock  Outer®  moderately  steep  and  steep 
$2  Arldic  Argiborollt-Andlc  Mapl®orolls:  Clayey;  gdntly  sl®1ng  to 
steep 

G><c<boroll« 

ARIDIC  CALCIBOROLLS 

23  Arldic  CalcIboroUs,  skeleul-Aridic  Calctborol Is,  loac^.  sl®lng  to  steep 
Cryc*»roll» 

TYPIC  CRT080R0LLS 

54  Typic  Cry®orolls:  skeletal,  nearly  level  to  sloping 

19  Typic  Cry®orollt.  loeay-Rock  OuUrop  sloping  to  steep 
SB  Typic  Cry®oroll*,  clayey-Typic  Cry®oralfs.  skeletal  moderately  steep 
and  steep 

S7  Typic  Cry®orolls-Typlc  CryothenU;  clayey;  tl®«ng  to  steep 
ARGIC  CRfOBOROLLS 

53  Argic  Cry®orol ls-Typic  Cry®orolls  loaay.  gently  s)®i«g  to  steep 

55  Argic  Cry®orpl Is-Cryic  PalePorolls  loe^r.  ®arly  level  to  Moder¬ 

ately  steep 

•MioloborolU 

ARI01C  HAPLOBOtOLLS 

M  Arldic  HaploPorol  Is.  loaMy- Torri  or  went  1c  Hapl®orolI|,  loe^r-ArldlC  Argl¬ 
borolls.  clayey  gently  sloping  to  Steep 
LITHIC  HAPLOBOROLLS 

_2!  Lithic  Heo i ®orol Is ,  skeleul-Rock  Outer®-  Moderately  steep  and  steep 
Poieborolli 

TfPIC  PALEBOROLLS 

4 2  Typic  Paietoorol  ls-Borolllc  Caakorthids.  clayey,  gently  sl®ing  to 
Moderately  steep 

USTOUS 

Argiutfolll 

ARI01C  argiustolls  -  »«SIC 

63  Arldic  Argiustolls.  skeleul-Aridic  Argiustolls.  clayey:  nearly  level  to 
steep 

6a  Arldic  Argiustol ls-ustol 11c  Haplargids  loe^r.  neerly  level  to 

S  1®  1  ng 

55  Arldic  Arginstolls-ustlc  Tom  or  went*  (shall®):  \&ssy,  gently 
sloping  to  steep 


66  Arldic  Argiustolls.  loa^-Aridlc  Argiustolls.  silty,  nearly  level  and 

gently  al®ing 

67  Arldic  Argiustol ls-Arldlc  HepluStol It :  lod%.  gently  Sl®lng  to 

Moderately  steep 

68  Arldic  Argiustol  lt-H Oil c  Moplustolls:  loa^r;  gently  sloping  t© 

steep 

69  Arldic  Argiustolls.  l oa®- Tom orthen tl c  Haplustol Is .  san^  nearly  level 

and  gently  sl®ino 

70  Arldic  Argiustolls.  loa®-Ar1dlc  Raleustollt.  clayey:  nearly  level  and 

gently  sl®1ng 

71  Arldic  Argiustolls.  clayey-Ustol lie  Haplargids.  loa®:  nearly  level 

72  Arldic  Argiustol  ls-Arldlc  Haploborpllt:  clayey;  sl®lng  to  steep 
PACMIC  AJttiuSTOLLS  -  NESIC 

73  Rachlc  Argiustolls.  1e«®-Arld1c  Argiustolls,  lo«sy- Torri orWen tic  Hap¬ 

lustol  Is,  sandy:  nearly  level  and  gently  sl®ing 

74  Rachlc  Arglustolls-Arldlc  Arglustells:  clayey  4nd  silty; 

neerly  level 

TOWCTTIC  AA6IUST0LLS  -  «SIC 

75  Torrertic  Argiustol  Is -Ustic  Torrlorthents  (shall®):  clayey;  gently 

sloping  to  steep 

Mepiuafolls 

LITHIC  HARLUSTOUS  -  ICSIC 

76  Lithic  Haplustol  Is,  loa® -Arldic  Argiuswlls.  lea®-ftocS  Outer®  nearly 

level  to  ste® 

lew*  foils 

ARIDIC  RALEU5T0LLS  -  KSIC 

77  Arldic  Raleustolls-Ustolllc  Heplarglds:  clayey;  nearly  level  to 

sl®1ng 

78  Arldic  Raleut tolls.  clayey-Ustol lie  Raleargids.  sllty-ustlc  Tornorthents. 

illLy-  nearly  level  to  gently  sl®lng 

79  Arldic  Paleustolls-Torrertlc  Argiustolls:  clayey;  nearly  level  to  sloping 


LAND  TYRE 


80  &ne  Lone 
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Geology 


The  mountainous  areas  of  the  basin  are  generally  composed  of  hard  crystalline 
and  sedimentary  rocks  with  granite  predominating.  In  the  geologic  past,  these 
rocks  have  been  sculptured  by  ice  and  water  to  produce  the  rugged  peaks  and 
steep-sided  valleys  which  form  the  alpine  topography  seen  today.  Some  areas  are 
covered  by  recent  deposits  of  unconsolidated  glacial  till,  sand,  gravel,  silts, 
and  clays  left  behind  by  the  continental  glaciers.  Erosion  tends  to  be  slow  in 
these  areas  and  the  mountain  streams  generally  carry  very  little  sediment. 

The  plains  areas  are  underlain  by  sedimentary  rock  formations  consisting 
predominantly  of  clays,  shales,  silts,  sands,  and  sandstones.  Such  areas  erode 
much  more  readily  than  the  older  and  more  consolidated  rocks  of  the  mountainous 
areas.  Much  of  the  plains  area  is  covered  by  younger  alluvial  and  colian  deposits 
of  clay,  silt,  sand,  and  gravel. 

Land  Resources 


From  land  and  water  stem  the  natural  and  renewable  resources  of  agriculture, 
grass,  forest,  recreation,  fish,  and  wildlife.  The  land  and  water  resources  have 
the  potential,  if  properly  managed  and  developed,  to  contribute  to  the 
satisfaction  of  demands  and  meet  future  needs. 

The  basin  contains  scenic  mountains,  narrow  canyons,  precipitous  slopes, 
fertile  valleys,  broad  plains,  forests,  grasslands,  wetlands,  lakes,  and  streams. 
Below  the  surface  are  extensive  supplies  of  groundwater,  coal,  oil,  gas,  and  other 
minerals.  All  these  natural  resources  have  and  will  continue  to  play  a  most 
important  role  in  development  of  the  basin. 

The  land  resources  of  the  basin  are  closely  associated  with  their  present 
uses  (see  Table  B-l  and  map).  The  best  method  to  describe  these  resources  is  to 
indicate  the  current  uses  and  to  give  an  idea  of  their  potential  for  future 
expansion. 

Agriculture 

About  88  percent  (16,901,000  acres)  of  land  in  the  basin  are  used  for  some 
agricultural  purpose.  Pasture  and  rangeland  comprise  the  largest  use  and  account 
for  38  percent  of  the  total  area.  In  addition,  about  27  percent  of  the  land  is 
non-irrigated  cropland,  8  percent  is  irrigated  cropland,  14  percent  is  in  forest, 
and  1  percent  in  other  agriculture  lands.  The  remaining  12  percent  is  devoted  to 
non-agricultural  and  water  uses. 

Shortage  of  water  is  a  major  limiting  factor  in  agricultural  production. 
Approximately  8  percent  (1,580,000  acres)  of  the  cropland  is  irrigated. 

Irrigation  is  practiced  principally  along  the  rivers  and  in  the  Ogallala  Aquifer 
region.  While  surface  water  has  made  the  greatest  contribution,  ground  water  also 
provides  its  portion.  Water  for  irrigation  has  contributed  not  only  to  increases 
in  the  production  of  crops  and  livestock,  but  to  the  stability  of  the  total 
agriculture  and  overall  economy  of  the  region. 
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Missouri  River  Tributaries,  Colorado 
Cooperative  River  Basin  Study 


Table  B-l  -  Land  Resources 

North  and  South  Platte  Basins  Republican  Basin  Total 

- - - 1,000  ac. - 


Cropl and 


Noni rri gated 

2,649 

2,546 

5,195 

Irri gated 

1,043 

537 

1,580 

Pasture  and  Range 

4,823 

2,439 

7,262 

Forest 

2,668 

11 

2,679 

Other 

123 

62 

185 

Subtotal  Ag 

11,306 

5,595 

16,901 

Non  Ag  Land 

Trans,  Urban 

664 

92 

756 

Other 

1,332 

16 

1,338 

Subtotal  Non  Ag 

1,986 

108 

2,094 

Total  Land  Area 

13,292 

5,703 

18,995 

Total  Water  Area 

103 

23 

126 

Total  Area 

13,395 

5,726 

19,  121 

Source:  Missouri  River 
estimate  of  the  Missouri 

Basin,  Water 
River  Basin 

Resources  Plan, 

,  Colorado. 

August  1977. 

1975 
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There  are  approximately  7,262,000  acres  (38  percent)  of  pasture  and  range  for 
grazing  of  domestic  livestock.  Permits  or  leases  are  held  by  farmers  and  ranchers 
for  grazing  their  livestock  on  the  Federal  lands.  In  addition,  these  pasture  and 
rangelands  provide  habitat  for  wildlife  and  also  provide  areas  for  hunting  and 
recreation. 

Forests 


Forests  comprise  approximately  14  percent  (2,679,000)  of  the  basin.  A  large 
portion  of  the  forest  lands  are  federally  owned.  These  forests  are  predominately 
softwood  or  coniferous. 


Elevation  has  an  important  bearing  on 
species  composition.  Trees  seldom  grow  at 
except  along  river  bottoms. 


the  distribution  of  forest  and  their 
less  than  4,000  feet  above  sea  level, 


Mi neral s 


Mi neral 
categories: 


resources  of  the  basin  can  be  described  by  grouping  items  into  three 
metallics,  non-metal  1 i cs,  and  fuels. 


Metallic  mineral  resources  are  generally  associated  with  mountainous  areas  and 
their  peripheral  outwash  plains.  Principal  mineral  production  includes  gold, 
silver,  lead,  zinc,  manganese,  molybdenum,  and  taconite. 


Non-metal  lie  minerals  include  fluorspar,  limeston,  pegmatite  minerals,  silica 
sand,  and  barite.  Sillimanite  and  related  minerals,  kyanite  and  andalusite,  along 
with  barite,  have  been  observed  in  deposits  not  yet  considered  as  being 
commercial.  Construction  materials  produced  and  used  in  the  area  are  cement 
materials,  various  clays,  crushed  rock,  gypsum,  limestone,  sand  and  gravel. 

Pumice  and  volcanic  glass  deposits  are  found  but  they  have  not  been  utilized. 

Fuel s  -  natural  gas,  petroleum,  and  coal  represent  important  energy  resources  in 
the  basin.  Presently,  oil  and  gas  production  occurs  in  the  basin,  primarily 
between  Denver  and  Julesburg.  Although  coal  production  in  the  basin  had  ceased 
until  recently,  activity  has  increased. 

Fish  and  Wildlife 

Fish  and  wildlife  resources  in  the  basin  are  among  the  most  outstanding  in 
the  nation.  Wide  varieties  of  habitat  types,  fostered  by  the  extreme  magnitude 
elevational  differences  and  land  uses  within  the  basin,  provide  for  a  diversity  of 
wildlife  species.  Elk  in  the  more  mountainous  forested  environs  share  this 
habitat  with  deer  that  merge  into  the  habitats  more  identified  with  the  plains. 
Where  cropland  has  replaced  rangeland,  ringnecked  pheasants  have  replaced  prairie 
chickens  that  are  now  found  in  greatly  reduced  numbers  in  essentially  relict 
mid-to-tall  grass  rangeland. 


Both  coldwater  and  warmwater  fisheries  are  represented  in  the  basin.  The 
predominance  of  the  coldwater  fish,  typically  trout,  are  found  in  the  permanent 
cold  water  streams,  ponds,  and  reservoirs  of  the  mountains  and  foothills;  while 
warm  water  species,  represented  by  bass,  bluegill,  channel  catfish,  and  others  are 
typically  found  in  constructed  ponds  and  reservoirs  on  the  plains. 
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On  the  often  watershort  plains  area,  perhaps  no  habitat  type  is  more  important 
to  wildlife  than  the  cottonwood-willow  community  found  along  the  creeks  and 
streams.  The  importance  of  this  narrow  ribbon  of  riparion  vegetation  belies  the 
small  area  it  occupies,  perhaps  1  percent  of  the  land  area.  Its  preservation  and 
management  are  vital  to  the  continued  existence  of  much  of  the  prairie  fauna. 

Recreation 


Outdoor  recreational  opportunities  range  from  the  excitement  of  downhill 
skiing  to  backpacking  and  hiking  activities  in  both  the  mountains  and  plains. 
Hunting,  fishing,  and  a  myriad  of  outdoor  activities,  attracting  both  residents  and 
non-residents  (tourists),  are  provided  by  the  vast  recreational  resources  of  the 
basin. 

Land  Ownership 


The  basin  was  included  in  the  Louisiana  Purchase  of  1803.  Title  to  the 
Louisiana  Territory  was  delivered  to  the  United  States,  thereby  placing  all  of  the 
area  in  federal  ownership  at  the  time  of  the  purchase.  Through  sales,  land  grants, 
and  various  special  and  limited  homestead  acts  passed  by  the  Congress,  most  of  the 
area  passed  to  private  and  state  ownership.  (See  map) 

The  farmers  and  ranchers  are  the  largest  landowners  in  the  basin,  within  the 
"private-county-state  category".  State-owned  lands,  mostly  school  grant  lands, 
are  interspersed  with  private  lands  and  are  generally  leased  by  the  farmers  and 
ranchers  for  agricultural  purposes.  Lands  owned  by  the  United  States  are  managed 
by  several  federal  agencies:  The  Forest  Service,  Bureau  of  Land  Management, 
National  Park  Service,  Corps  of  Engineers,  and  Bureau  of  Reclamation.  Lesser 
acreages  are  managed  by  the  Department  of  Defense,  Department  of  Energy,  Department 
of  the  Treasury,  and  Department  of  Justice. 

Private  Lands 


The  management  of  private  lands  within  the  basin  is  vested  with  thousands  of 
individuals,  corporati ons,  and  legal  entities.  Except  for  some  general 
restrictions  and  zoning  laws,  these  individual  managers  have  traditionally  had  the 
right  to  use  their  land  much  as  they  see  fit.  It  has  been  the  decisions  of  these 
managers  which  have  determined  the  present  patterns  of  land  use. 
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MISSOURI  RIVER  TRIBUTARIES 

COIOKADO 


Federal  Lands 


National  Forest  System  is  administered  by  the  Forest  Service.  The  basin  has 
national  forest  and  national  grassland  that  are  managed  for  water,  timber,  forage, 
wildlife,  and  recreation. 

Public  Domain  is  administered  by  the  Bureau  of  Land  Management.  The  basic 
federal  management  objective  for  these  lands  is  to  achieve  their  maximum  use  in 
the  public  interest,  consistent  with  conservation,  and  with  development  of  the 
productive  capacity.  These  lands  are  managed  with  grazing,  timber,  water,  forage, 
wildlife  and  recreation. 

National  Parks  System  has  the  Rocky  Mountain  National  Park  to  administer.  It 
is  administered  for  the  purpose  of  conserving  scenery,  wildlife,  natural  and 
historic  objects,  and  provide  for  the  enjoyment  "in  such  manner  and  by  such  means 
as  will  leave  them  unimpaired  for  the  enjoyment  of  future  generations". 

Reclamation  Projects  are  managed  by  the  Bureau  of  Reclamation.  The 
multi-purpose  management  of  these  lands  includes  management  for  water  storage, 
irrigation,  municipal  water  supplies,  recreation,  fish  and  wildlife,  power,  and 
project  service  facilities. 

Flood  Control  Projects  -  the  Army  Corps  of  Engineers,  Department  of  the 
Defense,  manages  certain  lands  that  were  acquired  primarily  for  flood  control  and 
resource  development  purposes.  These  lands  are  managed  for  multiple-purpose  use 
that  includes  management  for  riverflow  control,  flood  control,  power  development, 
navigation,  irrigation,  municipal  water  supply,  recreation,  and  fish  and  wildlife. 

Mi  1 ita ry  -  The  Department  of  Defense  owns  and  administers  military  areas  such 
as  Rocky  Mountain  Arsenal,  Fort  Logan,  Lowry  Air  Force  Base,  Fitzsimmons  Army 
Hospital,  and  missile  sites.  Specific  administration  is  by  the  respective  Agency 
(Army,  Navy,  or  Air  Force)  that  is  using  the  land. 
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APPENDIX  C 


WATER  SUPPLY 


Surface  Water 


The  total  surface  water  supplies  in  the  South  Platte  River  Basin  in 
Colorado  have  been  estimated  to  average  1.8  million  acre-feet  annually  of 
which  abbut  336,000  acre-feet  are  attributed  to  transbasin  imports. 

The  plains  tributaries,  such  as  Plum  Creek,  Cherry  Creek,  Box  Elder 
Creek,  Kiowa  Creek,  Bijou  Creek,  etc.  flow  more  in  response  to  summer 
rainstorms  than  from  melting  snow  and  therefore  are  not  significant 
contributors  to  the  basin  water  supply. 

As  much  as  75  percent  of  the  runoff  of  mountain  streams  may  occur  during 
the  months  of  May  through  July  as  a  consequence  of  melting  mountain  snowpacks. 
Generally  speaking,  the  mountain  snowpack  starts  building  in  October  and 
continues  until  May.  Low  elevation  snow  begins  melting  in  late  April  or  early 
May  with  the  higher  elevation  melt  continuing  into  early  July.  The  pronounced 
seasonal  variations  in  streamflow  explains  the  need  for  water  storage 
facilities  found  throughout  the  basin. 

Transbasin  Diversion  projects  such  as  Colorado-Big  Thompson  project,  the 
Moffat  Collection  system,  etc.  are  important  water  supply  sources  for 
agriculture,  and  municipal  industrial  purposes. 

Natural  surface  water  supplies  of  the  South  Platte  Basin  in  Wyoming  and 
Colorado  are  shown  in  Table  C-l. 


By  interstate  compact,  Colorado  must  let  a  specified  amount  of  runoff 
flow  into  Nebraska  each  year  (if  it  is  available  under  certain  stipulations). 
When  imported  water  from  other  river  basins  is  added  to  the  basin  native 
supply  and  applied  to  the  various  uses,  it  is  not  all  consumptively  used 
(especially  during  spring  runoff).  An  estimate  of  annual  water  supplies  and 
depletions  is  shown  in  Table  C-2.  A  1977  report  prepared  for  the  U.  S.  Army 
Corps  of  Engineers  shows  somewhat  greater  basin  outflow  than  shown  in  Table 
C-2,  and  concludes  that  about  300,000  acre-feet  per  year  is  still  available 
for  Colorado  use.  The  main  reason  this  legally  available  water  escapes  from 
Colorado  is  a  lack  of  storage  capacity  to  detain  spring  runoff  and  return 
flows. 


Existing  reservoirs  having  individual  capacities  of  5,000  acre-feet  or 


more  are  listed  in  Table  C-3.  Many  of  these  reservoirs 
a  basic  irrigation  water  supply  or  to  supplement  direct 
It  is  necessary  to  analyse  reservoir  stages  and  include 
with  snow  depths  when  forecasting  the  water  supply  each 
reservoir  storage  conditions  can  off-set  to  some  extent 
depth  situation  within  a  basin. 


are  managed  to  provide 
streamflow  diversions, 
this  information  along 
spring.  Good 
a  below  average  snow 
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There  are  thousands  of  reservoirs  in  the  basin  that  have  storage 
capacities  less  than  5,000  acre-feet  (the  number  of  these  is  not  available). 
The  smaller  of  these  facilities  are  more  useful  for  regulation  of  irrigation 
flows  rather  than  to  provide  carry-over  storage  from  year-to-year. 

Municipal  and  industrial  water  supplies  are  a  significant  water  source  in 
the  basin.  This  use  is  a  major  reason  for  the  relatively  large  amount  of 
imported  water.  For  example,  the  Denver  Water  District  served  a  population  of 
over  950,000  during  1979  with  a  water  supply  of  over  350,000  acre-feet  of 
which  only  150,000  acre-feet  was  native  South  Platte  River  water. 


Groundwater 


The  valley  fill  alluvial  acquifer  of  the  South  Platte  River  Basin  in 
Colorado  is  estimated  by  some  to  store  over  14  million  acre-feet  of 
groundwater.  An  estimated  1.3  million  acre-feet  of  alluvial  groundwater  is 
withdrawn  annually  through  pumping,  principally  for  irrigation. 

The  alluvium  ranges  from  3  to  8  miles  wide  and  zero  to  240  feet  thick 
(saturated).  The  depth  to  water  ranges  from  10  to  100  feet. 


The  alluvium  is 
leakage  from  canals, 
irrigation  water  and 
to  50  percent  of  the 


recharged  by  precipitation,  applied  irrigation  water,  and 
reservoirs  and  stream  channels.  Recharge  from  applied 
leakage  from  canals  to  the  alluvium  is  estimated  to  be  45 
diverted  irrigation  water. 
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Table  C-l  Native  Surface  Water  Runoff  of  the  South  Platte  River  Basin  in  Wyoming  and  Colorado. 
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Source:  "Water  for  Tomorrow,  Colorado  State  Water  Plan,  Phase  I  -  Appraisal  Report" 

by  U.  S.  Bureau  of  Reclamation  and  Colorado  Department  of  Natural  Resources. 


Table  C-3  Storage  reservoirs  in  the  study  area  by  subarea  and  capacity 

(over  5,000  acre-feet) 


Name  of  Development 


Functions*  Description,  including  acre-feet 


COLORADO 


Antero  Park  Reservoir  M 

Eleven  Mile  Canyon  Reservoir  I-M 

Cheesman  Lake  M 

Chatfield  Lake  FC-F-R 

Marston  Lake  M 


Cherry  Creek  Dam  and  Reservoir  FC-R 

Ralston  Reservoir  M 


Barr  Lake  I 

Gross  Reservoi  r  M 

Standi ey  Lake  I-M 


Horse  Creek  Reservoir 


Prospect 


I 


I 


Owned  and  operated  by  Denver  Water 
Board,  reservoir  capacity  -  22,290 
acre-feet 

Owned  and  operated  by  Denver  Water 
Board,  reservoi r  capacity  -  97,520 
acre-feet 

Owned  and  operated  by  Denver  Water 
Board,  reservoir  capacity  -  79,060 
acre-feet 

Corps  of  Engineers,  reservoi r 
capacity  -  235,000  acre-feet 

An  offstream  reservoir  used  by  the 
Denver  Water  Board  for  temporary 
storage  of  municipal  water  -  capacity 
16,500  acre-feet 

Corps  of  Engineers,  reservoi r 
capacity  -  95,000  acre-feet 

Stores  transmountain  diversions  which 
come  from  Gross  Reservoir  down  Boulder 
Creek,  thence  to  Ralston  by  9.6  mile 
long  conduit.  Water  used  for  Denver's 
winter  municipal  supply.  Capacity  - 
11,270  acre-feet 

Offstream  reservoi r  -  capacity  32,140 
acre-feet 

Provides  storage  and  regulation  of 
Denver's  transmountain  diversions 
through  Moffat  Tunnel.  Reservoir 
capacity  -  43,060  acre-feet 

Stores  water  from  Coal  &  Woman  Creeks 
and  Farmers  Highline  Canal.  Supplies 
some  municipal  water  to  Westminister, 
Colorado.  Reservoir  capacity  - 
10,260  acre-feet 

A  Bureau  of  Reclamation  offstream 
reservoir.  Capacity  -  16,970 
acre-feet 

Storage  -  5,610  acre-feet 
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Table  C-3  Storage  reservoirs  in  the  study  area  by  subarea  and  capacity  (Con't  -  2) 

(over  5,000  acre-feet) 


Name  of  Development 


Functions* Description,  including  acre-feet 


COLORADO 


Reservoir  No.  22 
Marshall  Lake 

Barkers  Meadow  Reservoir 

Base  Line 

Pamona  Reservoir 

Six  Mile  Reservoir 

Colorado  Big  Thompson  Project 


Joe  Wri ght  Reservoi r 

Long  Draw  Reservoi r 
Boyd  Lake 

Home  Supply 

Louden 

Lake  Loveland 

Union  Reservoir 

Milton  Reservoir 


M 

I 

P 


I 

I 

I 

I-P-M-R-F 


I-M-R 

I 

I 


I 


FC-I 


I-M 


I 

I 


Storage  -  41,920  acre-feet 

Offstream  reservoir.  Capacity  -  10,260 
acre-feet 

Reservoir  capacity  -  11,680  acre-feet, 
20,000  kW  -  operated  by  Colorado 
Public  Service  Co. 

Storage  -  5,380  acre-feet 

Storage  -  7,000  acre-feet 

Offstream  reservoir,  10,850  acre-feet 

Bureau  of  Reclamation  transmountain 
diversion  -  Colorado  River  -  10  reser¬ 
voirs,  6  powerplants,  183,950  kW,  3 
pumping  plants,  34  miles  tunnels, 
supplemental  irrigation  -  994,360 
acre-feet 

Storage  water  for  city  of  Ft.  Collins; 
7,056  acre-feet  usable  storage. 

Reservoir  capacity  11,000  acre-feet. 

Originally  constructed  for  power  pur¬ 
pose.  Converted  to  irrigation  use  in 
1927.  Offstream  reservoir  with  44,020 
acre-feet  capacity 

Soil  Conservation  Service's  38-mile 
channel  rehabilitation  1  storage 
reservoir,  5,000  acre-feet 

Soil  Conservation  Service's  1  multi¬ 
purpose  structure,  capacity  -  5,000 
acre-feet 

Offstream  reservoir,  capacity  -  14,240 
acre-feet 

Offstream  reservoir,  capacity  -  12,740 
acre-feet 

Offstream  reservoir,  capacity  -  31,130 
acre-feet 
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Table  C-3  Storage  reservoirs  in  the  study  area  by  subarea  and  capacity  (Con't  -  3) 

(over  5,000  acre-feet) 


Name  of  Development _ Functions* _ Description,  including  acre-feet 


COLORADO 

Lower  Latham  I 

Chambers  Lake  I 

Douglas  I 

North  Poudre  No.  15  I 

Terry  Lake  I 

North  Poudre  No.  6  Reservoir  I 

Timnath  Lake  I 

Bear  Creek  Dam  and  Lake  FC-F-R 

Fossil  Creek  Reservoir  I 

Reservoi r  No.  8  I 

Cobb  Lake  I 

North  Platte  No.  5  I 

Park  Creek  Reservoir  I 

Halligan  No.  16  I 

Black  Hollow  I 

Wi ndsor  Reservoi r  I 

Empire  Reservoir  I 

Jackson  Lake  Reservoir  I 

Bijou  No.  2  I 

Prewitt  Reservoir  I 
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Storage  -  5,760  acre-feet 

Storage  -  8,824  acre-feet 

Storage  -  6,000  acre-feet 

Storage  -  5,500  acre-feet 

Storage  -  9,700  acre-feet 

Offstream  reservoir,  capacity  - 
10,260  acre-feet 

Storage  -  10,000  acre-feet 

Built  by  the  Corps  of  Engineers  pri¬ 
marily  for  flood  control  -  capacity 
46,410  acre-feet 

Reservoir  capacity  -  11,540  acre- 
feet 

Offstream  reservoir,  capacity  - 
15,400  acre-feet 

Storage  -  9,120  acre-feet 

Storage  5,750  acre-feet 

Offstream  storage  -  7,320  acre-feet 

Storage  -  6,500  acre-feet 

Storage  -  8,000  acre-feet 

Offstream  reservoir,  capacity  - 
15,620  acre-feet 

Offstream  reservoir,  capacity  - 
37,700  acre-feet 

Offstream  reservoir,  capacity  - 
35,630  acre-feet 

Storage  -  6,000  acre-feet 

Offstream  reservoir,  capacity  - 
32,900  acre-feet 


Table  C-3  Storage  reservoirs  in  the  study  area  by  subarea  and  capacity  (Con't  -  4) 

(over  5,000  acre-feet) 


Name  of  Development 

Functions* 

Description,  including  acre-feet 

COLORADO 

Point  of  Rocks  Reservoir 
(North  Sterling) 

I 

Offstream  reservoir,  capacity  - 
81,350  acre-feet 

Julesburg  (Jumbo) 

I 

Offstream  reservoir,  capacity  - 
27,200  acre-feet 

MacFarlane 

I 

6,500  acre  feet 

*  Function  symbols: 


I  -  Irrigation 
F  -  Fish  and  Wildlife 
FC  -  Flood  Control  and  Detention 
M  -  Municipal  and  Industrial  Water 
P  -  Power 
R  -  Recreation 


Source:  “Water  Use  and  Management  in  The  Upper  Platte  River  Basin",  by  Bureau  of 
Reel amati on 
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APPENDIX  D 


WATER  QUALITY 


Surface  Water  Quality 


The  mainstream  South  Platte  River  and  its  major  tributaries  exhibit  wide 
variations  in  water  quality.  A  general  conclusion  is  that  average 
concentrations  of  dissolved  solids  and  major  ions  tend  to  increase  in  the 
mainstream  South  Platte  River  from  Henderson  to  Julesburg.  This  is  felt  to  be 
the  combined  effect  of  water  re-use,  increased  use  for  irrigated  agriculture, 
and  percolation  of  return  flows  through  sedimentary  soils.  Table  D-l  shows  a 
summary  of  stream  quality  at  selected  locations. 

Groundwater  Quality 


Water  pumped  from  the  valley-fill  alluvium  is  characterized  by  dissolved 
solids  concentrations  ranging  from  100  to  4,000  mg/1,  indicating  a  range  from 
acceptable  to  impaired  water  quality.  Available  groundwater  qualtiy  maps  show 
total  dissolved  solids  content  to  be  between  500  to  1000  mg/1  along  the  Platte 
River  between  Denver  and  the  St.  Vrain  Creek  confluence.  From  there  to  the 
State  line  the  quality  is  between  1,000  and  2,000  mg/1.  There  are  localized 
areas  with  groundwater  quality  at  2,000  to  4,000  mg/1. 
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TABLE  D-l 

SUMMARY  OF  STREAM  QUALITY  1/ 
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APPENDIX  E 


POPULATION 


Total  Population 


The  total  land  area  of  the  Missouri  River  Basin  is  28.7%  of  the  entire 
State  of  Colorado.  The  1980  Basin's  population  was  about  69%  of  the  State's 
population.  The  population  density  of  both  the  Basin  and  the  State  showed 
increases  over  the  20  year  period  (1960-1980),  but  the  Basin's  density  was 
somewhat  greater  than  the  State's. 

Several  changes  in  population  occurred  in  the  Missouri  tributaries  Basin 
in  the  twenty  years  between  1960  and  1980.  Four  counties  suffered  a  decline 
in  population  which  was  offset  by  growth  in  the  sixteen  remaining  counties 
for  an  overall  73.4%  increase  in  the  Basin.  The  rural  agricultural  counties 
either  lost  population  slightly  or  had  just  a  small  population  increase  over 
the  20  year  period.  The  rural  nonfarm  counties  such  as  Clear  Creek  and  Park 
Counties  had  a  significant  increase  in  population  due  to  tourism  (see 
Table  E-l). 

In  contrast,  the  urban  counties  grew  significantly.  The  Missouri 
tributaries  Basin  area  has  3  Standard  Metropolitan  Statistical  Areas  _1 / 
(SMSA).  They  are  the  following: 

1.  Denver  Boulder  SMSA  (Boulder,  Jefferson,  Douglas,  Denver,  Gilpin, 

Adams  and  Arapahoe  counties). 

2.  Fort  Collins  SMSA  (Larimer  County). 

3.  Greeley  SMSA  (Weld  County). 

Table  E-2  shows  that  in  1980  the  3  SMSA's  had  95.3%  of  the  basins  population 
and  65.5%  of  the  states  population. 

For  the  remaining  counties,  other  than  the  counties  in  the  3  SMSA, 
the  population  for  1960  was  90,437,  1970  was  90,513  and  1980  was  93,079. 


] J  SMSA  has  one  or  more  central  counties  containing  the  areas  main 
population  and  greater  than  50,000  inhabitants  generally  in  at  least  one 
central  city. 
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Table  E-l  -  The  Population  of  the 
Missouri  Tributaries  River  Basin,  Colorado  2/ 


County 

Year 

Popul at  ion 

Change  in 
Percent 

Population 

Period 

Adams 

1960 

1970 

120,296 

185,789 

54.4 

1960-1970 

1980 

245,944 

32.4 

1970-1980 

Arapahoe 

1960 

1970 

113,426 

162,142 

42.9 

1960-1970 

1980 

293,621 

81.1 

1970-1980 

Boulder 

1960 

1970 

74,254 

131,889 

77.6 

1960-1970 

1980 

189,625 

43.8 

1970-1980 

Clear  Creek 

1960 

1970 

2,793 

4,819 

72.5 

1960-1970 

1980 

7,308 

51.6 

1970-1980 

Denver 

1960 

1970 

493,887 

514,678 

4.2 

1960-1970 

1980 

491,396 

-4.5 

1970-1980 

Dougl as 

1960 

1970 

4,816 

8,407 

74.6 

1960-1970 

1980 

25,153 

199.2 

1970-1980 

Elbert 

1960 

1970 

3,708 

3,903 

5.3 

1960-1970 

1980 

6,850 

75.5 

1970-1980 

Gi 1  pi n 

1960 

1970 

685 

1,272 

85.7 

1960-1970 

1980 

2,441 

91.9 

1970-1980 

Jackson 

1960 

1970 

1,758 

1,811 

3.0 

1960-1970 

1980 

1,863 

2.9 

1970-1980 

Jefferson 

1960 

1970 

127,520 

233,031 

82.7 

1960-1970 

1980 

371,741 

57.9 

1970-1980 

Kit  Carson 

1960 

1970 

6,957 

7,530 

8.2 

1960-1970 

1980 

7,599 

0.9 

1970-1980 

Larimer 

1960 

1970 

53,343 

89,900 

68.5 

1960-1970 

1980 

149,184 

65.9 

1970-1980 
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Table  E-l  -  The  Population  of  the 
Missouri  Tributaries  River  Basin,  Colorado  2/  (Con't) 


County 

Year 

Population 

Change  in 
Percent 

Population 

Peri  od 

Logan 

1960 

1970 

20,302 

18,852 

-7.1 

1960-1970 

1980 

19,800 

5.0 

1970-1980 

Morgan 

1960 

1970 

21,192 

20,105 

-5.1 

1960-1970 

1980 

22,513 

12.0 

1970-1980 

Park 

1960 

1970 

1,822 

2,185 

19.9 

1960-1970 

1980 

5,333 

144.1 

1970-1980 

Phi  1 1 i ps 

1960 

1970 

4,440 

4,130 

-7.1 

1960-1970 

1980 

4,542 

9.9 

1970-1980 

Sedgewi ck 

1960 

1970 

4,242 

3,405 

-19.7 

1960-1970 

1980 

3,266 

-4.1 

1970-1980 

Washi ngton 

1960 

1970 

6,625 

5,550 

-16.2 

1960-1970 

1980 

5,304 

-4.4 

1970-1980 

Weld 

1960 

1970 

72,344 

89,297 

23.4 

1960-1970 

1980 

123,438 

38.2 

1970-1980 

Yuma 

1960 

1970 

8,912 

8,544 

-4.1 

1960-1970 

1980 

9,682 

13.3 

1970-1980 

Basi  n 

1960 

1970 

1,145,507 

1,497,239 

30.7 

1960-1970 

1980 

1,986,603 

32.7 

1970-1980 

State 

1960 

1970 

1,753,947 

2,207,259 

25.8 

1960-1970 

1980 

2,889,964 

30.9 

1970-1980 

2/  Source: 

1960, 

1970,  1980  Bureau 

of  Census,  U 

.S.  Department  of  Commerce. 
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Table  E-2  -  Population  of  the  SMSA's  of 

Denver-Boul der.  Ft.  Collins  and  Greeley 
Missouri  Tributaries  River  Basin,  Colorado  2/ 


Population 


Change 

in  Percent 

Percent 

Year 

Total 

Population  %  of  Basin 

of  State 

Denver 

-  Boulder  SMSA 

1960 

929,383 

81.1 

53.0 

1970 

1,227,529 

32.1 

82.0 

55.6 

1980 

1,620,902 

31.0 

81.6 

56.1 

Fort 

Collins  SMSA 

1960 

53,343 

4.7 

3.0 

1970 

89,900 

68.5 

6.0 

4.1 

1980 

149,184 

65.9 

7.5 

5.2 

Greeley  SMSA 

1960 

72,344 

6.3 

4.1 

1970 

89,297 

23.4 

6.0 

4.0 

1980 

123,438 

38.2 

6.2 

4.3 

3  SMSA's  Combined 

1960 

1,055,070 

92.1 

60.2 

1970 

1,406,726 

33.3 

94.0 

63.7 

1980 

1,893,524 

34.6 

95.3 

65.5 

2/  Source 

:  1960,  1970, 

1980  Bureau  of  Census,  U.S.  Department  of  Commerce. 
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APPENDIX  F 


Agricultural  Sales !/ 


Table  F-l  shows  farm  cash  receipts  and  acreages  for  the  Missouri 
Tributaries  Basin  and  the  State  of  Colorado.  The  Basin  and  the  State  have 
shown  a  steady  increase  in  total  sales  from  1964  to  1982. 

While  the  Basin  contained  about  37%  of  the  State's  farmland,  it 
contributed  60%  of  the  State's  total  sales  (1982).  Over  this  period  the 
average  sales  per  farm  rose  steadily  in  the  Basin  and  the  State,  but  the 
Basin  average  remained  well  above  that  for  the  State.  Most  of  the  counties 
in  the  Basin  were  consistently  higher  in  average  sales  per  farm  than  the 
State.  Weld  and  Yuma  counties  had  the  largest  sales. 

The  proportion  of  sales  attributed  to  crops  versus  livestock  has 
fluctuated  about  5%  during  the  years  in  question.  Livestock  sales  in  1982 
were  responsible  for  72%  of  the  total  farm  sales  for  the  Missouri 
Tributaries  Basin  and  71%  for  Colorado. 


1/  Source  -  Colorado  Census  of  Agriculture.  1964,  1974  &  1982  Bureau  of 
Census,  Department  of  Commerce. 
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Elbert  1964  579  1,051,179  6,500  2,120  13,860 

1974  513  1,080,532  15,219  2,106  29,667 

1982  611  1,010,396  25,078  1,654  41,045 
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APPENDIX  G 


CROP  AND  LIVESTOCK  PRODUCTION 


Nine  important  crops  raised  in  the  Missouri  Tributaries  River  Basin  were 
selected  for  comparison  for  the  years  1964,  1974,  and  1982:  winter  wheat, 
corn  for  grain,  barley,  sorghum  grain,  dry  beans,  sugar  beets,  potatoes,  all 
hay,  and  c,orn  silage.  The  basin  is  the  largest  producer  of  corn  grain,  wheat, 
sugar  beets,  corn  silage,  hay,  and  dry  beans  of  any  basin  in  Colorado.  (See 
Table  G-l) 

During  the  periods  1964  to  1974  and  1974  to  1982,  there  was  a  dramatic 
increase  in  winter  wheat  and  corn  grain  grown  in  the  basin  and  state.  Corn 
silage  production  rose  in  the  basin  and  state  in  1974,  but  dropped  slightly  in 
1982. 


Corn  for  grain  production  rose  dramatically  from  1964  to  1982.  It 
increased  in  importance  in  the  basin  over  the  20  year  period,  and  contributed 
about  91%  of  the  State’s  total  crop.  Yuma  County  was  the  basin's  largest 
producer  in  1982.  About  81%  of  the  state's  corn  silage  was  grown  in  the 
basi n. 

Of  particular  interest  is  the  importance  of  the  basin  as  a  producer  of 
winter  wheat.  The  basin  raised  65%  of  the  State's  crop  in  1982.  Kit  Carson 
County  was  the  leading  wheat  producer  in  1982. 

Weld  County  led  the  Basin  in  all  crops  except  sorghum,  wheat  and  corn  for 
grai n . 

Of  these  9  crops  the  basin  grows  the  majority  of  all  except  for  barley, 
potatoes  and  sorghum.  Yields  are  shown  in  Table  G-2. 

The  basin  produced  more  than  1/2  of  the  State's  production  of  each  of  the 
livestock  categories  except  sheep  and  lambs  as  shown  on  Table  G-3.  Sheep  and 
lamb  decrease  significantly  from  1964  to  1982.  Weld  County  was  the  largest 
producer  of  all  counties  in  the  basin  in  1982  for  each  livestock  category 
except  for  hogs  and  pigs. 

The  majority  of  the  land  area  in  Jackson  County  is  in  the  North  Platte 
River  Drainage  while  the  majority  of  the  land  area  in  Kit  Carson,  Phillips  and 
Yuma  Counties  fall  in  the  Republican  Drainage.  The  remaining  counties  in  the 
tables  in  Appendix  G  are  in  the  South  Platte  River  Drainage  area. 
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Table  G-l  -  Crop  Production 
Missouri  Tributaries  River  Basin,  Colorado 

(1,000) 


Winter  Wheat 

Corn  Grain 

Bari ey 

Sorghum  Grain 

Sugar  Beets 

County 

Year 

BU. 

BU. 

BU. 

BU. 

Tons 

Adams 

1964 

1,510 

175 

22 

1 

52 

1974 

4,227 

425 

256 

10 

27 

1982 

5,569 

560 

202 

74 

NA 

Arapahoe 

1964 

588 

1 

98 

3 

1 

1974 

1,043 

NA 

50 

0 

0 

1982 

1,209 

NA 

17 

3 

0 

Boulder 

1964 

383 

211 

396 

2 

65 

1974 

209 

347 

259 

0 

38 

1982 

160 

848 

231 

0 

15 

Clear  Cr. 

1964 

NA 

NA 

NA 

NA 

NA 

1974 

NA 

NA 

NA 

NA 

NA 

1982 

NA 

NA 

NA 

NA 

NA 

Denver 

1964 

NA 

NA 

NA 

NA 

NA 

1974 

NA 

NA 

NA 

NA 

NA 

1982 

NA 

NA 

NA 

NA 

NA 

Dougl as 

1964 

102 

0 

19 

0 

0 

1974 

124 

NA 

18 

0 

0 

1982 

101 

NA 

15 

0 

0 

El bert 

1964 

485 

1 

43 

3 

0 

1974 

1,205 

10 

30 

0 

0 

1982 

1,493 

0 

21 

10 

0 

Gi 1  pi n 

1964 

NA 

NA 

NA 

NA 

NA 

1974 

NA 

NA 

NA 

NA 

NA 

1982 

NA 

NA 

NA 

NA 

NA 

Jackson 

1964 

1 

0 

0 

0 

0 

1974 

0 

0 

0 

0 

0 

1982 

0 

0 

0 

0 

0 

Jefferson 

1964 

118 

0 

35 

2 

0 

1974 

79 

0 

27 

0 

0 

1982 

45 

0 

6 

0 

0 

Kit 

1964 

2,601 

771 

89 

1,080 

135 

Carson 

1974 

6,765 

6,102 

58 

115 

289 

1982 

9,939 

6,537 

289 

565 

50 

Larimer 

1964 

391 

313 

769 

2 

181 

1974 

487 

702 

566 

0 

113 

1982 

306 

2,362 

602 

0 

63 
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Table  G-l  -  Crop  Production 
Missouri  Tributaries  River  Basin,  Colorado  -1/  (Con't  -  2) 

(1,000) 


Winter  Wheat 

Corn  Grain 

Bari ey 

Sorghum  Grain 

Sugar  Beets 

County 

Year 

BU. 

BU. 

BU. 

BU. 

Tons 

Logan 

1964 

2,098 

658 

36 

40 

207 

1974 

4,847 

2,534 

64 

2 

175 

1982 

4,750 

5,286 

50 

45 

84 

Morgan 

1964 

796 

2,649 

240 

36 

367 

1974 

1,893 

5,442 

166 

35 

180 

1982 

1,652 

10,191 

149 

84 

114 

Park 

1964 

0 

0 

0 

0 

0 

1974 

0 

0 

0 

0 

0 

1982 

0 

0 

0 

0 

0 

Phi  1 1 i ps 

1964 

1,410 

175 

10 

221 

5 

1974 

4,267 

4,403 

10 

67 

89 

1982 

5,224 

9,011 

31 

45 

65 

Sedgwi ck 

1964 

1,160 

379 

132 

60 

105 

1974 

2,440 

1,554 

18 

4 

44 

1982 

2,550 

4,493 

12 

10 

36 

Washi ngtonl964 

2,243 

195 

148 

63 

11 

1974 

8,944 

1,302 

63 

41 

29 

1982 

9,075 

3,428 

81 

69 

25 

Weld 

1964 

2,250 

2,903 

1,922 

11 

1,263 

1974 

5,252 

7,838 

1,412 

5 

746 

1982 

4,036 

18,327 

1,417 

80 

381 

Yuma 

1964 

2,413 

499 

135 

744 

30 

1974 

4,964 

11,919 

17 

201 

177 

1982 

4,925 

24,663 

105 

209 

69 

Basin 

1964 

18,549 

8,930 

4,094 

2,263 

2,422 

1974 

46,746 

42,578 

3,014 

480 

1,907 

1982 

51,034 

85,706 

3,228 

1,194 

902 

State 

1964 

23,827 

10,990 

8,948 

7,820 

2,806 

1974 

70,089 

50,167 

9,718 

7,732 

2,175 

1982 

78,309 

94,761 

13,921 

9,817 

915 
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Table  G-l  -  Crop  Production 
Missouri  Tributaries  River  Basin,  Colorado-^  (Con't  -  3) 

(1,000) 


Corn  Silage 

Potatoes 

Hay 

Dry  Beans 

County 

Year 

TNS 

CWT 

TNS 

CWT 

Adams 

1964 

79 

0 

40 

5 

1974 

66 

0 

54 

8 

1982 

62 

NA 

45 

11 

Arapahoe 

1964 

7 

0 

8 

1 

1974 

4 

NA 

24 

0 

1982 

6 

0 

9 

0 

Boulder 

1964 

114 

18 

54 

14 

1974 

60 

0 

39 

16 

1982 

77 

0 

52 

30 

Clear  Cr. 

1964 

NA 

NA 

NA 

NA 

1974 

NA 

NA 

NA 

NA 

1982 

NA 

NA 

NA 

NA 

Denver 

1964 

NA 

NA 

NA 

NA 

1974 

NA 

NA 

NA 

NA 

1982 

NA 

NA 

NA 

NA 

Douglas 

1964 

11 

0 

13 

0 

1974 

3 

0 

16 

0 

1982 

NA 

0 

14 

0 

El bert 

1964 

9 

0 

20 

1 

1974 

13 

0 

34 

1 

1982 

9 

0 

42 

0 

Gi 1  pi n 

1964 

NA 

NA 

NA 

NA 

1974 

NA 

NA 

NA 

NA 

1982 

NA 

NA 

NA 

NA 

Jackson 

1964 

0 

0 

89 

0 

1974 

0 

0 

88 

0 

1982 

0 

0 

96 

0 

Jefferson 

1964 

1 

0 

10 

0 

1974 

2 

0 

5 

0 

1982 

NA 

0 

5 

0 

Kit 

1964 

61 

0 

20 

2 

Carson 

1974 

192 

NA 

40 

83 

1982 

151 

0 

44 

85 

Larimer 

1964 

230 

4 

65 

55 

1974 

310 

1 

100 

59 

1982 

316 

7 

77 

99 
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Mi  ssouri 

/ 

Table 

Tributaries 

G-l  -  Crop 
River  Basin 
(1,000) 

Production 
,  Colorado 

i 

■i/  (Con't  -  4) 

County 

Year 

Corn  Silage 
TNS 

Potatoes 

CWT 

Hay 

TNS 

Dry  Beans 

CWT 

Logan 

1964 

177 

3 

90 

28 

1974 

290 

0 

108 

50 

1982 

143 

0 

97 

88 

Morgan 

1964 

179 

178 

90 

161 

1974 

262 

632 

100 

140 

1982 

217 

499 

79 

178 

Park 

1964 

0 

0 

18 

0 

1974 

0 

0 

17 

0 

1982 

0 

0 

17 

0 

Phi  1 1 i ps 

1964 

11 

0 

16 

1 

1974 

26 

0 

28 

164 

1982 

20 

0 

14 

148 

Sedgwi ck 

1964 

35 

3 

26 

69 

1974 

87 

0 

20 

109 

1982 

59 

0 

14 

75 

Washi ngton!964 

21 

0 

44 

10 

1974 

36 

0 

54 

37 

1982 

32 

0 

34 

28 

Weld 

1964 

1,007 

1,481 

346 

525 

1974 

1,732 

770 

351 

308 

1982 

1,587 

1,099 

325 

499 

Yuma 

1964 

36 

0 

42 

0 

1974 

102 

37 

86 

87 

1982 

126 

0 

79 

228 

Basi  n 

1964 

1,978 

1,684 

991 

872 

1974 

3,185 

1,440 

1,164 

1,062 

1982 

2,805 

1,605 

1,043 

1,469 

State 

1964 

2,400 

8,132 

2,910 

1,488 

1974 

3,816 

9,872 

2,795 

1,543 

1982 

3,462 

14,784 

2,736 

2,046 
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Table  G-2  -  Crop  Production-Yield/Acre 

Missouri  Tributaries  River  Basin,  Colorado 


WINTER 

WHEAT 

CORN 

GRAIN 

BARLEY 

SORGHUM 

SUGAR  BEETS 

Dry 

Irr 

Dry 

Irr 

Dry 

Irr 

Dry 

Irr 

Irr 

County 

Year 

Bu 

Bu 

Bu 

Bu 

Bu 

Bu 

Bu 

Bu 

CWT 

Adams 

1964 

12 

34 

13 

76 

10 

35 

15 

45 

14.7 

*1974 

24 

48 

— 

100 

26 

50 

-- 

-- 

15.3 

1982 

27 

60 

— 

115.5 

38 

59.5 

19.5 

50 

18.5 

Arapahoe 

1964 

12 

30 

14 

70 

11 

40 

10 

40 

15.2 

1974 

17 

NA 

— 

-- 

28 

-- 

-- 

-- 

— 

1982 

24 

50 

— 

-- 

31.5 

— 

20 

— 

-- 

Boulder 

1964 

15 

26 

19 

71 

14 

52 

15 

30 

15.4 

1974 

25 

45 

NA 

98 

30 

62 

-- 

-- 

21.1 

1982 

17 

44 

35.5 

130 

18 

68 

— 

-- 

18.6 

Cl  ear 

1964 

.. 

__ 

.. 

__ 

„ 

„ 

Creek 

1974 

1982 

_  _ 

_ 

—  _ 

__  _ 

_  _ 

— 

Denver 

1964 

1974 

1982 

-- 

-- 

-- 

-- 

-- 

-- 

— 

-- 

-- 

Dougl as 

1964 

12 

32 

14 

61 

9 

33 

.. 

10 

1974 

15 

— 

-- 

-- 

-- 

-- 

-- 

-- 

— 

1982 

32 

50 

— 

— 

44 

— 

-- 

-- 

— 

El bert 

1964 

9 

30 

14 

60 

10 

34 

11 

40 

1974 

20 

43 

20 

75 

20 

-- 

-- 

-- 

-- 

1982 

25 

50 

— 

— 

36.5 

50 

16.5 

-- 

— 

Gi 1  pi n 

1964 

1974 

1982 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Jackson 

1964 

1974 

1982 

23 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Jefferson 

1964 

16 

28 

17 

71 

15 

39 

35 

1974 

25 

48 

-- 

-- 

31 

62.5 

-- 

-- 

-- 

1982 

18 

-- 

-- 

-- 

19 

— 

-- 

-- 

— 

Kit 

1964 

16 

32 

14 

84 

13 

45 

11 

45 

17.0 

Carson 

1974 

26 

48.5 

21 

102 

23 

46 

12 

50 

-- 

1982 

31.5 

54.5 

40 

129 

47.5 

70.5 

26 

66 

16.7 

Larimer 

1964 

18 

33 

17 

76 

13 

54 

36 

15.1 

1974 

26 

52 

-- 

101 

33 

63 

-- 

-- 

19.7 

1982 

18.5 

44 

34 

126 

31 

73 

-- 

— 

20.8 
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Table  G-2  -  Crop  Producti on-Yi el d/Acre 

Missouri  Tributaries  River  Basin,  Colorado  (Con't  -  2) 


WINTER 

WHEAT 

CORN 

GRAIN 

BARLEY 

SORGHUM 

SUGAR  BEETS 

Dry 

Irr 

Dry 

Irr 

Dry 

Irr 

Dry 

Irr 

Irr 

County 

Year 

Bu 

Bu 

Bu 

Bu 

Bu 

Bu 

Bu 

Bu 

CWT 

Logan 

1964 

17 

39 

19 

71 

14 

41 

15 

50 

16.2 

1974 

28 

50 

16 

102 

25.5 

46.5 

-- 

-- 

16.9 

1982 

26 

47.5 

47.5 

123 

30 

57.5 

27 

51 

18.6 

Morgan 

1964 

14 

40 

17. 

86 

11 

53 

11 

52 

15.2 

1974 

28 

54 

110 

29 

50 

13.5 

50 

16.8 

1982 

25 

51 

— 

132.5 

28 

59 

20 

46.5 

19.6 

Park 

1964 

1974 

1982 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

Phi  1 1  i  ps 

1964 

19 

33 

19 

80 

15 

32 

14 

50 

12.5 

1974 

29 

48 

21 

110 

-- 

-- 

15 

60 

16.7 

1982 

38.5 

69.5 

55 

143.5 

46.5 

66.5 

32 

55 

18.6 

Sedgwi ck 

1964 

21 

32 

20 

75 

21 

46 

17 

55 

17.4 

1974 

30 

46 

17.5 

107 

27 

64 

-- 

19.5 

1982 

34.5 

60.5 

57.5 

136 

27 

70 

25 

47.5 

19.6 

Washi ngtonl964 

13 

28 

14 

82 

9 

32 

12 

50 

12.9 

1974 

30 

46 

23 

103 

24 

48 

14 

65 

15.7 

1982 

28.5 

55 

44 

131 

42.5 

63.5 

26.5 

55.5 

19.8 

Weld 

1964 

14 

32 

20 

76 

14 

46 

12 

55 

16.0 

1974 

22.5 

44 

14 

108 

22.5 

62 

-- 

-- 

19.9 

1982 

23 

61 

34 

134 

30.5 

67.5 

33.5 

47.5 

22.0 

Yuma 

1964 

18 

32 

14 

75 

16 

32 

15 

50 

15.6 

1974 

30 

49 

20 

105 

30 

46 

12 

56.5 

16.2 

1982 

30.5 

50.5 

35 

130 

37.5 

58 

29 

59 

16.9 

State 

1964 

14.5 

33 

16 

76.8 

14 

46.9 

12.5 

44 

15.7 

1974 

24 

47 

19 

102.5 

24 

57.5 

17.5 

54 

18.0 

1982 

26.5 

53 

48 

131 

33 

81.0 

21 

66.5 

20.0 

G-7 


Table  G-2  -  Crop  Production-Yield/Acre 

Missouri  Tributaries  River  Basin,  Colorado  U  (Con't  -  3) 


ALFALFA  AND 

CORN  SILAGE 

POTATOES 

MIXED  HAY 

DRY 

BEANS 

Irr 

Irr 

Irr 

Dry 

Irr 

County 

Year 

Tons 

CWT 

Tons 

CWT 

Adams 

1964 

14 

201 

2.8 

2.1 

18 

1974 

17 

NA 

3.0 

-- 

18 

1982 

17 

--- 

3.6 

-- 

13.1 

Arapahoe 

1964 

10 

_  _ 

2.3 

1 — » 

• 

00 

17 

1974 

NA 

-- 

2.5 

-- 

-- 

1982 

15 

— 

2.3 

— 

— 

Boul der 

1964 

14 

200 

2.4 

1.8 

17 

1974 

17 

-- 

2.8 

5 

23 

1982 

20 

— 

3.3 

— 

21.3 

Clear 

1964 

__  __ 

_  _ 

Creek 

1974 

-- 

— 

-- 

-- 

-- 

1982 

— 

-- 

-- 

— 

— 

Denver 

1964 

__  — 

_  — 

__ 

__ 

„ 

1974 

— 

-- 

-- 

-- 

1982 

— 

-- 

-- 

— 

-- 

Dougl as 

1964 

12 

_  _ 

2.1 

1974 

NA 

-- 

2.1 

-- 

-- 

1982 

NA 

-- 

2.1 

— 

-- 

El  bert 

1964 

5 

135 

1.3 

1.6 

12 

1974 

10 

— 

1.8 

3 

-- 

1982 

13.5 

— 

1.8 

-- 

-- 

Gi  1  pi n 

1964 

_  __ 

__  _ 

1.5 

„ 

1974 

— 

-- 

— 

— 

-- 

1982 

— 

— 

-- 

-- 

-- 

Jackson 

1964 

NA 

1.5 

1974 

-- 

— 

1.7 

-- 

-- 

1982 

-- 

-- 

1.1 

-- 

-- 

Jefferson 

1964 

13 

130 

1.8 

17 

1974 

16.5 

— 

1.7 

-- 

-- 

1982 

15 

-- 

1.7 

-- 

-- 

Kit 

1964 

13 

2.2 

2.1 

13 

Carson 

1974 

16 

-- 

3.6 

3.5 

15 

1982 

21 

-- 

4.6 

-- 

11 

Larimer 

1964 

16 

130 

2.6 

1.8 

17 

1974 

19 

NA 

3.3 

4 

20 

1982 

22.5 

-- 

3.5 

-- 

20 
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Table  G-2  -  Crop  Production-Yield/Acre 

Missouri  Tributaries  River  Basin,  Colorado  ■£/  (Con't  -  4) 


ALFALFA  AND 

CORN  SILAGE 

POTATOES 

MIXED  HAY 

DRY  BEANS 

Irr 

Irr 

Irr 

Dry 

Irr 

County, 

Year 

Tons 

CWT 

Tons 

CWT 

Logan 

1964 

14 

190 

2.5 

1.7 

13.5 

1974 

18 

-- 

3.4 

4 

16.8 

1982 

19.5 

-- 

4.0 

5 

15.1 

Morgan 

1964 

16 

190 

2.4 

2.3 

16 

1974 

19 

300 

3.5 

5.5 

18.5 

1982 

21 

270 

4.0 

5.0 

16.5 

Park 

1964 

1974 

-- 

-- 

-- 

-- 

__ 

1982 

-- 

__ 

2.0 

-- 

-- 

Phi  1 1 ips 

1964 

8 

1.2 

1.8 

15 

1974 

16 

-- 

3.6 

4 

19 

1982 

14.5 

-- 

3.9 

6 

14 

Sedgwi ck 

1964 

16 

175 

2.2 

1.9 

16 

1974 

18 

-- 

3.1 

6 

20 

1982 

22 

— 

3.9 

5 

13.3 

Washi ngton!964 

12 

190 

2.0 

1.8 

14 

1974 

16 

-- 

2.3 

3 

17 

1982 

18.5 

-- 

2.7 

--- 

14.1 

Weld 

1964 

15 

199 

2.9 

1.9 

17.2 

1974 

19.5 

270 

3.6 

5.8 

18.6 

1982 

24 

265 

4.0 

5.0 

20.0 

Yuma 

1964 

11 

2.9 

1.8 

15.0 

1974 

16 

NA 

3.5 

4.6 

18.5 

1982 

20 

-- 

4.3 

4.7 

12.6 

State 

1964 

14 

199 

2.3 

3.3 

16 

1974 

17.5 

262 

2.7 

2.5 

18 

1982 

21.5 

282 

3.1 

4.7 

16 
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Table  G-3  -  Livestock  Production 

Missouri  Tributaries  River  Basin,  Colorado!/ 


Cattle  & 

Milk 

Hogs  & 

Sheep  & 

Cal ves 

Cows 

Pigs 

Lambs 

Chi ckens 

Horses 

County 

Year 

No . 

No. 

No. 

No. 

No. 

No. 

Adams 

1964 

68,839 

5,231 

19,579 

12,548 

124,271 

NA 

1974 

48,284 

3,476 

26,921 

4,088 

518,455 

871 

1982 

51,348 

4,319 

29,744 

NA 

4,403 

1,449 

Arapahoe 

1964 

19,261 

758 

543 

8,362 

48,265 

NA 

1974 

15,805 

638 

563 

1,257 

3,212 

621 

1982 

11,719 

423 

944 

1,596 

2,558 

1,567 

Boulder 

1964 

46,227 

4,817 

3,510 

11,074 

82,719 

NA 

1974 

24,555 

2,294 

2,840 

5,850 

308,467 

1,425 

1982 

24,806 

2,740 

4,607 

11,923 

496,578 

2,604 

Clear  Cr. 

1964 

NA 

NA 

NA 

NA 

NA 

NA 

1974 

NA 

NA 

NA 

NA 

NA 

NA 

1982 

NA 

NA 

NA 

NA 

NA 

NA 

Denver 

1964 

3 

1 

0 

0 

61,967 

0 

1974 

NA 

NA 

NA 

NA 

NA 

NA 

1982 

129 

0 

0 

0 

0 

169 

Dougl as 

1964 

23,600 

1,349 

1,899 

176 

16,770 

NA 

1974 

16,663 

518 

166 

359 

1,617 

1,250 

1982 

15,402 

133 

350 

744 

3,523 

2,920 

El bert 

1964 

50,939 

2,301 

1,295 

6,537 

36,733 

NA 

1974 

53,901 

1,279 

5,006 

243 

44,026 

1,003 

1982 

56,274 

1,511 

2,858 

1,844 

3,494 

1,694 

Gi  1  pi n 

1964 

238 

7 

1 

1 

70 

NA 

1974 

NA 

NA 

NA 

NA 

NA 

NA 

1982 

169 

0 

0 

0 

0 

0 

Jackson 

1964 

38,606 

198 

32 

5,040 

498 

NA 

1974 

40,412 

70 

NA 

3,748 

316 

864 

1982 

42,380 

57 

14 

321 

255 

1,307 

Jefferson 

1964 

10,881 

1,518 

1,038 

6,032 

23,640 

NA 

1974 

6,624 

811 

189 

33 

5,545 

1,470 

1982 

5,561 

318 

526 

394 

3,328 

2,785 

Kit 

1964 

66,519 

1,454 

5,545 

4,409 

18,342 

NA 

Carson 

1974 

135,959 

1,835 

6,684 

3,077 

6,560 

482 

1982 

116,418 

1,538 

11,340 

1,219 

3,693 

654 

Larimer 

1964 

87,184 

8,463 

6,069 

89,345 

69,882 

NA 

1974 

83,700 

6,619 

18,243 

82,217 

35,976 

1,816 

1982 

87,033 

6,751 

12,616 

29,407 

26,297 

3,186 
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Table  G-3  -  Livestock  Production 

Missouri  Tributaries  River  Basin,  Colorado  1/  (Con't  2) 


Cattle  & 

Mi  1  k 

Hogs  & 

Sheep  & 

Cal ves 

Cows 

Pigs 

Lambs 

Chickens 

Horses 

County 

Year 

No. 

No. 

No. 

No. 

No. 

No. 

Logan 

1964 

143,332 

1,698 

6,558 

5,781 

30,413 

NA 

1974 

159,498 

1,204 

24,627 

2,451 

6,175 

671 

1982 

128,113 

792 

28,586 

3,372 

2,583 

842 

Morgan 

1964 

156,134 

3,672 

16,444 

20,113 

34,151 

NA 

1974 

150,927 

3,910 

43,964 

1,033 

58,055 

707 

1982 

139,166 

3,987 

56,559 

1,898 

2,091 

696 

Park 

1964 

20,910 

52 

13 

16,735 

621 

NA 

1974 

16,177 

24 

10 

158 

557 

383 

1982 

10,578 

20 

36 

727 

721 

802 

Phi  1 1 i ps 

1964 

21,373 

617 

4,595 

8,097 

17,301 

NA 

1974 

33,170 

788 

5,186 

2,890 

3,443 

208 

1982 

39,925 

882 

4,452 

2,625 

1,677 

225 

Sedgwi ck 

1964 

29,945 

157 

2,071 

1,239 

12,619 

NA 

1974 

32,637 

97 

1,750 

19 

2,023 

255 

1982 

30,047 

59 

1,273 

486 

504 

268 

Washi ngtonl964 

59,918 

1,498 

6,259 

8,449 

27,669 

NA 

1974 

72,538 

1,022 

13,811 

1,390 

8,311 

634 

1982 

76,217 

349 

16,180 

1,544 

3,118 

995 

Wei  d 

1964 

393,353 

25,523 

14,575 

199,957 

157,651 

NA 

1974 

605,720 

22,349 

31,859 

256,072 

1,092,412 

2,984 

1982 

576,376 

29,083 

51,087 

188,022 

1,375,188 

4,464 

Yuma 

1964 

88,225 

2,013 

9,422 

4,122 

28,988 

NA 

1974 

136,755 

2,300 

8,778 

3,760 

6,441 

629 

1982 

151,769 

3,126 

24,661 

2,771 

3,232 

1,005 

Basin 

1964 

1,325,487 

61,327 

99,467 

408,016 

792,571 

NA 

1974 

1,633,325 

49,234 

190,597 

368,645 

2,101,591 

16,273 

1982 

1,563,430 

56,088 

245,833 

248,893 

1,933,243 

27,694 

State 

1964 

2,499,246 

92,731 

169,759 

1,482,068 

1,279,502 

NA 

1974 

3,087,884 

71,353 

291,342 

985,019 

2,253,086 

45,227 

1982 

2,945,922 

76,882 

333,370 

742,070 

2,566,660 

72,182 

Source:  Colorado  Census  of  Agriculture  1964,  1974,  1982,  Bureau  of 
Census,  Department  of  Commerce. 


ZJ  Source:  Colorado  Agricultural  Statistics  for  1964,  1974  and  1982. 

Data  published  by  Colorado  Department  of  Agriculture, 
cooperating  with  USDA  Statistical  Reporting  Service, 
statistical  information  by  Colorado  Crop  and  Livestock 
Reporting  Service. 
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APPENDIX  H 


BRIGATICN:  FOUNTIAL  KK  FLAMTDC  AM)  WMOT  A  ffl®  CENSERVAriCN  HC®AM  Oolorado 

Vi  MAKING  IRRIGAnCN  MPRMJCfflS  V  Worksheet 

Us  ter  District,  SCD  and  Field  Office _ / _ / 

None  at  Ditch  System  :  _________  Acres;  _ #  of  Farms 


Factors 

Dating 

Score 

High 

Moderate 

low 

water  quanthy 

(UuHttgh) 

(Circle  the  criteria  appoximaeing  the  level 

;  if  applicable.) 

1.  feduoe  ttoind  Water  Mining 

0-3 

1002 

502 

None 

2.  Increase  Earn)  Water  Simply 

0-3 

Develop  aurpluses 

Eliminate  shortages 

tt>  change 

3.  Deduce  Qlveraions 

0-3 

>502 

302 

<1® 

4.  Deduce  Return  Flow 

0-3 

>5® 

3® 

<1® 

5.  Improve  Efficiency:  a.  Ootweyssss 

£ M 

>302 

202 

<1® 

b.  Co£om 

CK 

— 

>2® 

1® 

<  52 

Subtotal 

20 

Effects  2/ 

EOONGMICS 


1.  Increase  in  Gross  Value  in  Agriculture 

0-7 

>$125  gross/AC 

$75  gross/AC 

<$25  gross /AC 

2.  Decrease  in  test  of  Production 

0-3 

Significant 

Sore  potential 

lb  poteulal 

3.  Operation  mti  Maintenance 

0-3 

Significant  reduction 

Some  reduction 

tb  reduction 

4.  Increase  Productivity: 

a.  tteter  Shortage 

0-2 

beatable  (optima) 

Some  yield  increase 

lb  potential 

b.  Soil  Salinity 

0-2 

Heatable  (optima) 

San>  yield  increase 

lb  potential 

c.  Ifeter  Logging 

0-2 

beatable  (opticus) 

Some  yield  Increase 

No  potential 

5.  Mirketability  of  Water  Conserved 

0-1 

_  Easily  sold  (>$1000) 

lb  sale,  but  used 

lb  sale,  surplus 

Subtotal 

20 

Effects  2/ 

EwnmcnAL 


1. 

Ibter  Quality: 

a.  Salinity 

0-3 

Hastsble(8lgniflcant) 

Base  potential 

lb  potential 

b.  Sediment 

c.  Ibtrients  m d 

0-3 

Heatable  ( signif  lean  t ) 

Sone  potential 

No  potential 

Pesticides 

0-3 

HeatableCslgnificmt) 

Some  potential 

lb  potential 

2. 

Wetlands  -  Wildlife 

0-2 

FW  effects 

Ease  change 

loss  valuable  habitat 

3. 

Instrema  Flow 

0-2 

Significant  jageovesent 

No  change 

Deduced  flow 

4. 

frocion 

0-2 

>3  tan/ Ac  reduction 

2  ton /AC  reduction 

lb 

potential 


Subtotal  15 


Effects  2/ 


SOCIAL  EFFECTS 


1. 

Stagy  Use 

0-5 

Savings 

No  dm nge 

Increase  use 

2. 

Windfall  benefits 

0-3 

C$100 , 000/ £armer( all)  Some  over  $100,000 

Many  over  $100, 0( 

3. 

Loss  of  Prime  Land 

0-3 

High  vali* 

Im  value 

lb  dsange 

4. 

b^act  on  fidsting  Uses 

0-3 

Gftsnge  to  Ugh  valim 

Some  isprewaaent 

No  Upset 

5a 

Life,  Health,  Safety 

0-1 

Badises  hazard 

8b  lap set 

Subtotal  15 

Effects  2/ 

77  Insert  additional  oonnents  on  beck.  Include  a  wap  with  ditches  drao  ea  it. 

21  tttat  axe  the  significant  results  feta  treating  the  abcwe  factors? 

3/  Include  other  potential  purposes  like:  flood,  recreation,  MI,  finergy,  Broclon,  SGML,  other. 


-confirijedh 
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FAetOTB 

Sating 

High 

Moderate 

Low 

LEGAL  4  HCTnUnONAL 

(Low-High) 

(Circle  the  criteria  appodnstlng  the  level 

;  if  applicable, 

1.  Mmsssjs  of  Beneficial  Use  - 

Conservation,  Salvage 

0-5 

lb  conflicts 

Ifcutral 

tany  prohleme 

2.  VMter/Surfaoe  Whter  lm 

0-3 

Strong  lat 

Neutral 

lb  law 

3.  loss  of  imter  to  Other  fees 

0-2 

_ 

lb  conflict 

Neutral 

ftobloas 

Effects  2/ 

- - 

potbotal 

1.  Acceptability;  a.  local 

0-5 

Active  support 

9upportahle 

Opposition 

b.  Ibtlonal 

0-3 

Fits  ISA  program 

Supportable 

Requires  w  program 

2.  ^technical  Assistance 

0-3 

<4  aan-years 

^  mm-years 

>10  man-years 

3.  Capital  Cost:  a.  conveyance 

0-2 

<$250/ Ac 

<$500/ Ac 

>$1000/ Ac 

h.  Warn 

0-3 

<5250/Ac 

<5500/ Ac 

1000/ Ac 

4.  Financial  IhoenUNives,  Federal  &  State  0-2 

<$  1  million 

<$5  million 

>$10  million 

5.  Time  to  Plan  and  Design 

0-2 

— 

<1  year 

<2  years 

>5  years 

Subtotal 

20 

Effects  2/ 

TOTAL 

(100  feasible) 

Boms  feints: 

Magnitude  Probiaa: 


Viable  Solut  Ions _ 

Additional  Impacts  3/: 


Insert  Significant,  Moderate, 

Rehabilitation  Weeds  of  Systea  ; Or  Little 

1.  Canal  Lining  on  Pipeline 

2.  Replace  Conveyance  Systaa  Water  Control  Structures  (WCS) 

3.  Replace  Onfarm  WCS 

4.  Land  levellig 

5.  ttifaim  Hitch  Lining  or  Pipeline 

6.  Irrlgaticn  Vfcter  Msnageient 

7.  Does  the  tystan  have  reservoir  storage  (yea  or  no).  Reservoir  Moprov—nt  needed. 


y  heart  oMltional  coeraaits  on  bade.  Includp  a  asp  tdth  ditches  drwi  an  it. 

2/  What  are  the  significant  results  frem  treating  the  above  factors? 

3/  Include  other  potential  purposes  like:  flood,  recreation,  MI,  Mtergy,  Brodon,  RWL,  other. 
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GUIDELINES  FOR  COMPLETING  THE  EVALUATION  WORKSHEET 


POTENTIAL  FOR  PLANNING  AND  IMPLEMENTING  A  WATER 
CONSERVATION  PROGRAM  BY  MAKING  IRRIGATION  IMPROVEMENTS 


GENERAL 

1.  A  high  score  would  indicate  that  a  very  critical  problem  would  be  addressed, 
sol uti ons*  appear  to  be  cost  effective,  the  environment  would  not  be  harmed,  and 
the  local  people  are  able  and  willing  to  move  with  implementation  of  a  program. 

2.  Estimate  numerical  values. 

0-1  High  (1)  Moderate  (.5)  Low  (0) 

0-7  High  (7)  Moderate  (4)  Low  (1) 

3.  Insert  a  zero  for  a  very  low  or  negative  impact,  and  a  N/A  for  factors  which 
are  not  applicable  in  the  area. 

4.  If  a  high  rating  is  given  for  a  problem  factor  contrary  to  the  rating  scale, 
footnote  your  logic.  There  will  be  some  exceptions. 

WATER  QUANTITY  FACTORS 

1.  If  a  conservation  program  will  reduce  withdrawals  and  extend  the  life  of  the 
ground  water  aquifer,  apply  a  high  rating.  However,  if  the  ground  water  will  be 
exhausted  in  the  "very  near"  future,  rate  it  a  zero. 

2.  Apply  a  high  rating  if  the  conservation  program  will  increase  water  supplies. 
A  surplus  applies  only  to  water  short  areas  with  limited  supplies. 

3.  Apply  a  high  rating  if  diversion  requirements  are  reduced  a  significant 
amount  over  50  percent  or  maybe  in  volume  (100,000  AF  may  be  only  20%  but  is  a 
lot  of  valuable  water). 

4.  Apply  a  high  rating  if  a  significant  reduction  in  return  flow. 

5.  Efficiency  defined  as:  Conveyance  -  The  volume  of  water  delivered  to  the 
farm,  expressed  as  a  percent  of  the  volume  of  water  diverted.  Onfarm  -  The 
volume  of  water  stored  in  the  soil  root  zone  and  used  by  the  crop,  expressed  as  a 
percent  of  the  volume  of  water  delivered  to  the  farm. 

ECONOMICS  FACTORS 

1.  The  value  of  water  is  expressed  in  terms  of  the  gross  value  of  production 

from  an  acre.  Hi gh > $125.00;  Moderate  $75.00;<Low  $25.00.  However,  the  cost  to 

the  farmer  of  water  delivery  usually  does  not  reflect  its  true  value. 

2.  Reduced  irrigation  labor,  water  cost,  fertilizer,  energy  use,  etc.,  should  be 
considered. 

3.  Rate  high  if  there  will  be  a  significant  0M&R  cost  reduction. 

4.  Rate  high  if  a  viable  water  conservation  program  to  improve  returns  to  the 
farmer  by  minimized  water  shortages,  and  reduced  salinity  and  water  logging. 

5.  Rate  high  an  area  where  conserved  water  can  be  put  to  beneficial  use. 
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ENVIRONMENTAL  FACTORS 


1.  Determine  if  a  water  conservation  program  will  reduce  the  sediment,  salinity, 
or  nutrient  contribution  to  downstream  users  or  ground  water;  but  rate  it  high 
only  if  a  reduction  will  impact  a  water  user,  such  as  municipal,  domestic, 
fisheries,  recreationists,  etc. 

2.  Determine  the  degree  which  the  program  will  effect  wetlands  and  wildlife. 

3.  If  the  conservation  program  improves  instream  flow  for  important  fisheries, 
etc.,  note  it  high. 

4.  If  serious  erosion  (>"t"  value)  can  be  reduced  by  irrigation  water 
management,  rate  this  factor  high. 

SOCIAL  FACTORS 

1.  Apply  a  high  rating  if  energy  use  can  be  reduced.  Generally,  in  areas  with 
significant  pumping. 

2.  Apply  a  high  rating  if  no  windfall  benefits  (no  farmer  recei vi ng> $100,000) 
occurs. 

3.  Rate  high  if  the  water  conservation  program  will  assist  farmers  maintain  a 
viable  enterprise  and  preserve  prime  or  important  land. 

4.  Rate  high  if  the  program  would  result  in  enhanced  use  of  the  irrigation 
resource  and  benefit  the  farmer  or  rancher. 

5.  Add  a  point  if  a  life,  health,  or  safety  hazard  is  reduced. 

LEGAL  AND  INSTITUTIONAL  FACTORS 


1.  Rate  high  if  state  law  is  a  strong  advocate  of  beneficial  use  and  the 
legislation  or  courts  rule  in  favor  of  conservation  or  salvage.  For  example,  the 
new  Arizona  ground  water  law  (conservation)  is  a  plus.  The  "use  it  or  lose  it" 
attitude  in  some  headwater  areas  would  rate  low. 

2.  Heavy  state  involvement  in  administering  surface  or  ground  water  law.  For 
example,  requiring  water  measurement  on  pumps  in  closed  ground  water  basin. 

3.  Agriculture  has  a  problem  if  water  is  being  transferred  to  other  uses.  High 
rating,  if  most  of  the  water  will  stay  in  agricultural  use. 

IMPLEMENTATION  POTENTIAL  FACTORS 

1.  Rate  high  if  there  is  strong  local  support  or  it  can  be  generated  and  if  the 
treatment  can  be  accomplished  with  existing  viable  USDA  programs. 

2.  Rate  high  if  the  area  can  be  given  high  priority  for  technical  assistance 
with  an  adequate  number  of  personnel. 

3.  Lower  unit  capital  cost  for  improvements  would  be  given  higher  priority  for 
funding. 

4.  Rate  high  if  the  federal  or  state  cost  share  for  a  unit  is  less  than 
$1  million.  Easier  to  obtain  approval. 
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5.  Rate  high  if  planning  can  lead  to  implementation  in  a  reasonably  short  time. 
Complex  units  with  several  different  agency's  objectives  would  rate  low. 

OTHER  CONSIDERATIONS 


Bonus  Points  -  Define  the  factor: 


For  example: 


1.  Substantial  state  or  local  participation  in  planning. 

2.  Inventories  readily  available. 

3.  Existing  analytical  models  being  used  for  evaluation. 

4.  Can  be  implemented  by  a  viable  USDA  program. 

5.  The  state  has  a  grant  and  loan  program  for  irrigation. 

6.  Others. 


Effects  -  Identify  the  key  objectives 


Water  conservation:  To  reduce  salinity;  to  increase  crop  production;  to  reduce 
costs;  to  salvage  water;  to  reduce  the  rate  of  ground-water  mining;  to  prevent 
salt-water  intrusion;  to  renovate  old  and  obsolete  systems;  to  increase  profits; 
to  administer  a  law;  etc. 

Magnitude  of  the  Problem:  Quantify  -  For  example:  Loss  of  production  on  10,000 
acres;  mining  will  exhaust  the  ground  water  in  10  years.  Each  irrigated  acre 
produces  10  tons  of  salt  and  each  ton  does  $50  in  annual  damage.  Excessive 
erosion  (6-12  tons/acre)  on  10,000  acres.  The  delivery  system  is  not 
dependable. 

Viable  Solution:  The  primary  considerations  are  the  physical,  economical,  legal 
and  institutional,  environmental,  and  social  suitability  of  water  conservation  to 
solve  the  problem.  For  example:  Physical  solution  to  solve  water  shortage  is 
lateral  rehabilitation,  with  economic  questions  to  be  answered. 

Additional  Impacts:  Quantify  -  For  example:  Implementation  of  water 
conservation  program  should  eliminate  water  shortages  on  5,000  acres,  stabilize 
the  economy,  and  may  result  in  positive  net  benefits.  An  obsolete  irrigation 
system  will  be  replaced  and  a  viable  irrigated  agricultural  base  will  be 
maintained  for  100  farmers.  Erosion  on  23,000  acres  will  be  minimized  and 
production  capability  will  be  preserved  for  future  generations.  Also  include 
other  potential  purposes.  For  example:  If  flood  protection  is  needed,  it  may  be 
a  plus  if  it  goes  in  concurrently,  or  a  negative,  if  it  is  required  before  water 
conservation  can  be  accomplished. 

Rehabilitation  Needs  of  System: 


Indicate  the  degree  for  the  various  rehabilitation  needs. 
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APPENDIX  I 


MISSOURI  RIVER  BASIN  MODEL 

" IPES" 

IRRIGATION  PROJECT  EVALUATION 


SYSTEM 


ABSTRACT 


The  Irrigation  Project  Evaluation  System  is  a  system  of  computer  programs 
designed  to  evaluate  and  compare  the  economic  effects  of  alternative  small 
and  medium  scale  irrigation  projects.  The  method  used  is  to  compare 
amortized  costs  of  the  various  project  alternatives  with  their  yearly 
benefits  as  calculated  with  a  Linear  Programming  system. 


GENERAL  SYSTEM  DESCRIPTION 


The  irrigation  Project  Evaluation  System  (IPES)  was  developed  as  a 
result  of  the  need  to  evaluate  and  compare  the  economic  effects  of 
alternative  water  projects  on  particular  irrigation  canal  systems. 

The  Economic  Research  Service  (ERS)  was  the  lead  agency  in  providing  the 
computer  programming  for  IPES.  IPES  was  made  operational  by  ERS  at  the  Fort 
Collins  Computer  Center  (FCCC). 

IPES  was  used  to  analyze  canal  systems  which  contain  a  surface  water 
supply  and  serve  two  or  more  water  users.  Evaluations  were  made  for  each 
canal  system  as  follows:  1)  the  base  or  future  without  project  situation; 

2)  that  base  situation  --  with  allowances  for  crop  acreage  shifts;  3) 
management  improvements;  4)  various  combinations  of  management  plus 
structural  improvements. 

The  Problem 


Numerous  irrigation  systems  in  Colorado  are  in  a  run-down  condition 
and/or  operating  inefficiently.  Is  it  economically  feasible  to  make 
improvements,  and  if  so  what  types  of  improvements  would  be  most  cost 
effecti ve? 

A  method  was  needed  which  would  evaluate  the  future  without  improvements 
and  allow  a  comparison  to  situations  in  which  projects  under  consideration 
were  assumed  completed. 

The  Analysis 


The  IPES  Model  is  a  system  that  includes:  1)  programs  to  develop  a  data 
matrix  suitable  for  linear  programming  analysis;  2)  linear  program  analysis 
(LP  analysis);  3)  programs  to  interpret  the  linear  program  output  and 
generate  a  report. 

The  basic  constraints  in  the  model  are  water  and  land.  A  water  budget 
is  necessary  to  analyze  the  water  supply  and  provide  data  for  the  LP  matrix. 

Land  data  (acres)  is  provided  as  input  in  terms  of  various  crops.  The 
physical  irrigation  system,  potential  crop  yields,  and  project  improvement 
alternatives  are  also  provided  as  input.  More  details  follow  on  the  water 
budget  analysis  and  linear  program  analysis. 
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WATER  BUDGET 


The  water  budget  analysis  in  the  model  is  designed  to  use  actual 
monthly  diversions,  reservoir  water,  and  pump  water  as  the  water  supply  to 
crops  served  by  a  canal  system.  A  conveyance  system  efficiency  is  applied 
to  diverted  and  reservoir  water  to  allow  for  seepage  losses.  An  onfarm 
irrigation  efficiency  is  applied  to  that  diverted  water  and  reservoir  water 
reaching  the  farm  and  to  onfarm  pump  water.  The  results  of  these 
computations  is  an  amount  of  water  available  for  consumptive  use  (CU)  by  the 
crops . 

The  Soil  Conservation  Service  Technical  Release  21  is  used  to  determine 
consumptive  irrigation  requirements  (CIR)  for  those  crops  served  by  the 
canal.  This  is  the  amount  of  water  required  to  meet  full  needs  of  the 
crops. 

The  water  available  for  consumptive  use  is  compared  to  CIR,  and  actual 
consumptive  use  is  determined.  The  actual  CU  is  either  the  CIR  when 
adequate  water  is  available,  or  the  amount  of  water  available  for  CU  when 
adequate  water  is  not  available. 

The  comparison  of  water  available  for  CU  to  CIR,  previously  discussed, 
is  also  used  to  determine  water  surplus  or  deficit. 

Seepage  losses  in  the  conveyance  system,  and  onfarm  losses,  are 
distributed  to  surface  return  flows  or  groundwater  recharge  in  accordance 
with  return  flow  percentages  given  in  the  basic  input  data.  During  those 
months  when  surplus  water  is  available,  up  to  0.3  acre-foot  per  acre  of  soil 
moisture  is  carried  over  to  the  following  month.  This  feature  more  closely 
resembles  actual  field  conditions  and  does  cause  higher  CU  and  lower  return 
flow  values. 

Salt  in  return  flows  and  groundwater  recharge  is  computed  by  applying 
total  dissolved  salt  coefficients  given  in  the  basic  input  to  return  flows 
previously  discussed. 

Other  computations  included  in  the  model  are  evapotranspi ration  by 
phreatophytes  and  wetlands,  and  evaporation  from  reservoirs  in  the  system. 

Reservoir  (other  water)  and  pump  water  are  handled  somewhat  differently 
than  diverted  water.  Reservoir  water  is  given  as  a  season  total.  This  is 
brought  into  the  analysis  only  as  shortages  from  diverted  water  occur,  and 
to  the  extent  needed  until  depleted.  This  process  also  applies  to  pump 
water. 
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The  water  budget  is  an  integral  part  of  a  linear  program  (LP)  and 
report  writer  model.  The  water  budget  scheme  .develops  water  supply 
information  required  by  the  LP.  The  LP  then  evaluates  numerous  alternative 
soi 1 -water-net  return  combinations  and  selects  the  most  economically 
beneficial  one  within  the  limits  of  available  land  and  water.  One  feature 
of  the  LP  includes  allowing  the  number  of  acres  irrigated  and  the  crop 
distribution  to  shift  within  prescribed  limits.  One  such  set  of  bounds  is 
that  of  allowing  the  number  of  acres  of  any  crop  to  shift  down  no  more  than 
40  percent  or  shift  up  no  more  than  10  percent  from  present  conditions.  All 
alternatives  have  this  possible  fluctuation  available  except  the  initial 
condition.  It  is  not  uncommon  for  the  model  to  select  a  situation  of 
reduced  acres  irrigated  for  a  given  short  water  supply  as  providing  the 
greatest  net  return  to  the  irrigator.  Another  common  solution  might  be  a 
shift  in  cropping  pattern  to  more  cost-effective  crops. 

The  reason  for  discussing  the  LP  characteristics  here  is  because  of 
possible  fluctuations  in  acres  irrigated,  and  cropping  patterns  for  various 
alternative  solutions.  This  has  a  bearing  on  consumptive  use,  surplus, 
shortage,  and  return  flow  values  computed  in  the  water  budget  analysis. 
Therefore,  when  comparing  water  accounting  information  for  various 
alternatives  within  a  run,  the  number  of  acres  irrigated  and  the  crop 
distribution  should  be  noted  because  of  their  effect  on  water  use. 
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WATER  BUDGET 


o 
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THE  LINEAR  PROGRAM  ANALYSIS 


A  linear  program  (LP)  is  a  useful  analytical  tool.  A  linear  programming 
problem  is  a  problem  in  which  it  is  desired  to  maximize  or  minimize  a  linear 
function,  called  the  objective  function,  of  several  unknowns  x(l),  x(2),  ..., 
called  activities,  subject  to  linear  constraints  on  the  unknowns.  A  linear 
function  is  a  function  of  the  form: 

f(  x(l),  x(2),  ...  x ( n )  )  =  c(l)*x(l)  +c(2)*x(2)  +  ...  c(n)*x(n)l/ 

A  linear  constraint  is  a  constraint  of  the  form: 

a(i,l)*x(l)  +  a ( i , 2)*x (2)  +  ...  a(i,n)*x(n)  =  b(i) 


or: 


a(i,l)*x(l)  +  a(i,2)*x(2)  +  ...  a(i,n)*x(n)  =  b(i) 
where  the  a(i,j)'s  are  constants. 


--Example  of  an  LP  Problem 

In  a  certain  geographical  area  let: 

x(l)  =  the  acres  of  corn  to  be  planted. 
x(2)  =  the  acres  of  wheat  to  be  planted. 
x(3)  =  the  acres  of  barley  to  be  planted. 

c( 1)  =  the  net  return  for  one  acre  of  corn. 

c(2)  =  the  net  return  for  one  acre  of  wheat. 

c(3)  =  the  net  return  for  one  acre  of  barley. 

So  our  objective  is  to  maximize  the  function: 

f(  x(l),  x ( 2) ,  x (3)  )  =  c(l)*x(l)  +  c( 2)*x( 2)  +  c(3)*x(3) 

by  choosing  values  for  the  x(j)  which  make  f  as  large  as  possible. 

1/  The  *  means  multiplied  by. 
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Reality  forces  us  to  place  certain  constraints  upon  this  problem.  The  total 
land  available  is  limited,  we  suppose  it  to  be  equal  to  b(l). 

The  we  must  have  the  condition: 

x( 1)  +  x(2)  +  x( 3)  =  b( 1) 

which  is  the  same  as: 

a( 1 , l)*x( 1)  +  a(l,2)*x(2)  +  a(l,3)*x(3)  =  b( 1) 
while: 

a(  1 , 1)  +  a ( 1 ,2)  +  a ( 1,3)  =  1 
to  match  our  original  formulation. 

If  this  is  the  only  constraint  it  is  easy  to  find  the  solution,  just  find  the 
most  profitable  crop  and  plant  all  of  the  land  with  that  crop,  i.e.,  find  the 
largest  positive  c(j)  (suppose  it  is  c(2),  then  let  x(2)  =  b(l)  and  x(l)  = 
x(3)  =0).  So  f  has  the  maximum  value: 

f  =  c( 2)*x( 2)  =  c ( 2)*b( 1) . 

Other  constraints  are  necessary.  Suppose  the  total  water  supply  is  limited 
to  b(2).  Suppose  corn  requires  a  certain  amount  of  water  per  acre,  say 
a(2,l)  acre  feet,  and  say  a(2,2)  acre  feet  for  wheat  and  a(2,3)  acre  feet  for 
barley.  Then  we  must  require  that: 

a ( 2 , 1 ) *x ( 1 )  +  a(2,2)*x(2)  +a(2,3)*x(3)  ^b(2). 

At  this  point  the  solution  begins  to  be  less  obvious  since  the  most 
profitable  crop  may  take  a  prohibitive  amount  of  water. 


(end  of  example) 


In  this  system  the  function  f  we  are  maximizing  is  the  farm  net  return  of  a 
particular  area.  The  unknowns  x(j)  are  acreages  of  particular  crops  grown 
on  particular  soil  types  with  full  or  partial  water  supply.  The  c(j)'s  are 
the  returns  or  cost  associated  with  the  activities  x(j).  The  constraints  on 
the  unknowns  include  constraints  on  the  land  available  for  cropping  on 
different  soils,  the  water  available,  both  surface  and  ground,  and 
constraints  on  the  acreage  distributions  themselves,  a ( i , j )  is  the 
consumption  rate  for  the  jth  activity  consuming  the  ith  resource.  b(i)  is 
the  amount  of  the  ith  resource  available. 
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DATA  FILES 


Input  data  is  supplied  in  2  categories;  1)  reach  data,  2)  canal  system 
data.  The  reach  data  is  crop  yield-net  return  type  information,  crop 
consumpti ve'  use  data,  and  other  physical  information  that  does  not  change 
significantly  from  canal  to  canal.  The  canal  system  data  is  physical 
information  for  a  specific  canal  system  and  associated  cropland.  Several 
canal  system  data  files  can  be  associated  with  the  same  reach  data  file. 
Each  canal  system  file  can  include  data  for  the  future  without  project 
condition  and  two  alternative  conditions. 

This  data  was  collected  by  interviews  with  Irrigation  Company 
Officials,  from  local  SCS  Field  Offices,  and  from  maps  and  other  references 
available. 
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THE  REPORT  WRITER 


The  Missouri  River  Basin  Model  "IPES"  writeup  should  be  used  for 
information  on  the  methodology  involved  in  producing  this  report  writer 
output. 

A  report  was  developed  for  each  irrigation  canal  system  through  a 
report  writer  program  within  the  "IPES"  model.  Information  for  the  report 
writer  came  either  from  the  canal  system  inventory  directly  or  from  the 
linear  programming  (LP)  output.  The  LP  analysis  used  canal  system  inventory 
data. 


The  report  writer  reports  consisted  of  4  columns  of  data  for  each  run. 
The  first  column  of  data  depicted  the  FWOP  (future  without  project) 
situation.  The  second  column  depicted  data  where  the  LP  solution  was 
allowed  a  10%  upward  and  40%  downward  shift  in  cropping  pattern.  This  was 
done  because  the  project  alternatives  were  also  allowed  a  10%  upward  and  40% 
downward  shift  in  cropping  pattern,  therefore,  the  FWOP  condition  run 
(allowing  the  10%  and  40%  shifts)  was  used  to  make  comparisons  with  project 
alternati ves. 

The  next  two  columns  depicted  data  for  two  different  levels  of  project 
action  as  discussed  in  the  Method  of  Analysis  part  of  the  IPES  model 
writeup. 

The  depicted  data  consisted  of  the  following  categories: 


1. 

land  use 

2. 

projects 

3. 

costs 

4. 

benefits 

5. 

production 

values 

6. 

yi  el ds 

7. 

hydrologic 

data 

The  land  use  data  consisted  of  acreages  by  soil  association,  acreages 
by  crop,  acreages  with  a  full  water  supply,  a  partial  water  supply,  wetland, 
cottonwood  land,  phreatophyte  land  and  prime  land. 

The  project  information  included  construction  cost  per  acre,  mile,  or 
structure;  total  construction  cost;  installation  cost  (construction  cost  + 
31%  to  cover  administration  and  engineering);  and  annual  installation  cost 
(installation  cost  amortized  for  25  years  at  8  5/8%  interest);  and  annual 
0&M  cost. 

The  engineering  practices  included  canal  cleaning,  canal  lining,  canal 
pipelines,  diversion  structures,  canal  water  control  structures,  farm  ditch 
lining,  farm  pipelines,  and  farm  water  control  structures.  Non-structural 
measures  included  land  leveling,  on-farm  drainage,  reservoir  improvement, 
irrigation  water  management,  conversion  of  irrigation  method,  conservation 
cropping,  phreatophyte  eradication,  cottonwood  eradication,  wetland 
eradication,  uplands  habitat  management,  and  wetland  habitat  management. 
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The  31%  for  engineering  and  administration  and  the  annual  O&M  costs  were  not 
added  to  the  last  five  of  these.  The  total  cost  was  amortized  at  8  5/8%  for 
25  years.  The  costs  for  all  included  practices  were  added  to  give  total 
construction,  installation,  annual,  and  O&M  costs  for  each  alternative. 

The  first  set  of  benefits  listed  was  annual  crop  production  benefits. 
These  were  derived  by  taking  the  difference  in  the  net  returns  from  the  FWOP 
condition  LP  run  and  each  of  the  alternative  runs.  The  next  line  in  the 
benefit  section  listed  annual  net  benefits  which  were  the  differences 
between  annual  project  benefits  and  the  sum  of  the  total  annual  installation 
and  O&M  costs.  Major  project  benefits  consist  of  reduced  costs  of  production 
such  as  labor,  water  costs,  pumping  and  O&M  as  well  as  benefits  from  reduced 
water  shortages  such  as  yield  increases  and  conversion  of  cropland  to  higher 
income  crops.  Many  of  the  net  returns  were  negative  because  of  high 
construction  costs.  The  next  line  is  a  benefit  costs  ratio. 

The  following  set  of  rows  pertain  to  production  values.  The  first  row 
of  the  set  displayed  total  value  of  crop  production.  This  was  the  sum  of 
the  gross  returns  of  all  the  crops  which  entered  a  particular  solution.  The 
value  of  production  or  gross  returns  by  individual  crop  was  listed  next. 

The  last  item  listed  in  this  set  was  the  net  returns  from  irrigated  crop  and 
pasture  production.  The  net  returns  were  obtained  directly  from  the  LP 
solution. 

The  next  set  of  data  displayed  average  crop  yields  by  crop.  These 
yields  were  weighted  by  the  acres  in  full  water  supply  and  the  various 
combinations  of  water  shortages  and  yields  associated  with  the  shortages. 

The  final  set  of  data  dealt  with  the  hydrologic  or  water  and  salt 
loading  accounting.  The  first  group  of  rows  under  this  set  dealt  with 
acre-feet  of  water  diversions  by  month,  April  through  October.  Following 
this  was  spill  water  or  water  withdrawn  to  reservoirs  by  month,  April 
through  October.  The  next  line  was  seasonal  evaporation  from  reservoirs. 

This  was  determined  by  applying  an  acre-feet/acre  coefficient  to  the  surface 
area  of  the  given  reservoirs.  The  coefficient  was  found  in  the  reach 
section  of  the  canal  system  inventory.  Following  this  was  other  water  which 
included  reservoir  and  purchased  water,  for  the  season.  The  next  line 
listed  conveyance  efficiency  in  percent.  All  of  the  above  lines  within  the 
water  accounting  set  were  found  in  the  canal  system  inventory. 
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The  next  line  depicted  canal  seepage  which  was  equal  to  acre-feet 
diverted  x  A/  (1.00  -  A./  conveyance  efficiency  in  decimal  form) 

+  other  water  x  (1.00  -  conveyance  efficiency  in  decimal  form).  The  next 
two  lines  depicted  the  percent  of  canal  seepage  which  went  to  groundwater 
and  to  surface  return  flows. 

Following  this  was  a  line  with  surface  water  delivered  to  farm.  It 
consisted  of  divert  -  spills  -  evaporation  x  conveyance  efficiency  +  other 
water  x  conveyance  efficiency.  The  next  data  set  depicted  groundwater 
pumped  and  was  taken  directly  from  the  canal  system  inventory.  The  next 
line  displayed  total  water  at  the  farms;  this  was  the  combined  value  of 
surface  wate  delivered  to  the  farm  and  pump  water  at  the  farm.  The  next 
line  was  the  on-farm  efficiency  in  percent  which  came  directly  from  the 
canal  system  inventory. 

The  monthly  water  situation  was  the  next  listing.  Irrigation  water  can 
be  either  a  surplus  or  deficit  to  crop  requirements  for  the  irrigation 
months  of  April  through  October.  The  monthly  calculations  and  season  totals 
were  obtained  directly  from  the  model  solution.  For  details  of  the  water 
use  analysis,  see  the  water  budget  part  of  the  IPES  model  writeup. 

Crop  consumptive  use  comprised  the  next  line.  This  was  calculated  by 
multiplying  crop  acres  by  soil  association  by  the  approximate  full  or  short 
CIR  values  for  months  where  water  was  required.  Next  came  surface  return 
flows  from  farm.  This  was  calculated  by  total  water  at  the  farm  x  (1  - 
field  efficiency)  x  percent  of  farm  water  losses  to  surface  return  flows. 
Percolation  to  groundwater  at  the  farm  was  next.  This  was  calculated  by 
total  water  at  the  farm  x  (1  -  field  efficiency)  x  percent  of  farm  water 
losses  to  groundwater  recharge.  The  next  line  was  phreatophyte,  wetland, 
and  cottonwood  uses  of  groundwater.  These  values  were  calculated  by  the 
acres  within  these  categories  x  factors  found  in  the  reach  data  section  of 
the  canal  system  inventories.  Following  these  were  the  net  gain  or  loss  to 
groundwater.  This  was  calculated  as  groundwater  recharge  from  the  canal 
systems  plus  groundwater  recharge  from  the  farm  less  groundwater  pumped  - 
phreatophyte  ET.  The  next  line  was  total  surface  water  return  flow.  This 
was  the  sum  of  canal  water  and  farm  water  to  surface  return  flows. 

The  final  set  of  data  involved  salt  in  surface  return  flow,  salt  in 
groundwater  recharge,  salt  in  pump  water,  and  net  salt  to  groundwater. 

These  values  were  determined  by  applying  salt  loading  coefficients  found  in 
the  canal  systems  inventory  to  the  acre-feet  of  water  found  in  these  various 
categori es . 


\j  -  refers  to  subtraction  sign. 

2/  x  refers  to  multiplication  sign. 
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METHOD  OF  ANALYSIS 


Project  benefits  are  handled  in  the  model  in  two  ways.  The  first  is 
increased  crop  yields  from  a  reduction  in  water  shortages.  The  second  is 
increased  yields  from  improved  management.  The  water  supply  change  in  the 
model  is  made  through  improving  irrigation  efficiencies  or  the  supply 
itself.  The  management  affect  is  applied  through  the  use  of  crop  yield 
indexes  as  well  as  through  increased  on-farm  irrigation  efficiencies 
included  in  alternative  data.  Two  alternatives  can  be  analysed  in  each  run 
along  with  the  future-wi thout-project  condition. 

Crop  yields  shown  in  the  canal  inventory  data  reflect 
future-wi thout-project  conditions  which  is  essentially  present  management 
levels  with  no  short  water  restrictions.  The  model  automatically  reduces 
these  yields  to  reflect  effects  of  water  shortages.  The  yields  are 
considered  an  average  (by  crop)  of  all  acres  under  the  canal  system.  This 
includes  those  acres  that  presently  have  proper  irrigation  water  management 
along  with  those  acres  that  do  not.  This  assumption  was  made  because  of 
insufficient  data  to  estimate  a  percent  of  cropland  that  presently  has 
proper  irrigation  water  management.  Crop  yields  shown  in  the  alternative 
data  follow  the  same  assumption  except  the  level  of  management  and  yields 
would  be  higher  as  a  result  of  an  assumption  that  all  acres  will  have  proper 
irrigation  water  management  (for  those  alternatives  that  include  irrigation 
water  management). 

The  model  was  initially  run  for  a  future-wi thout-project  condition 
accompanied  by  an  irrigation  water  management  alternative  (Alt  1)  and  the 
canal  company  alternative  (Alt  2).  The  canal  company  alternative  included 
irrigation  water  management  as  well  as  those  structural  measures  identified 
as  needed  by  the  irrigation  company. 

Irrigation  water  management  practices  and  associated  costs  were  applied 
to  all  crop  acres  under  the  system  for  alternatives  1  and  2.  The  costs 
associated  with  the  practice  is  assumed  an  average  cost  which  includes 
applying  water  management  to  those  remaining  acres  needing  it  and  no  cost  on 
those  acres  already  properly  managed.  The  average  cost  used  in  the  model  is 
a  lump  sum  value.  The  model  amortizes  this  over  the  project  life  to  produce 
an  average  annual  cost  of  about  $6.00  per  acre.  Other  project  costs  are 
handled  in  a  similar  fashion. 

Alternative  2  was  modified  to  more  closely  match  conveyance  system 
lining  to  the  lengths  of  canal  in  a  high  seepage  category.  This  is 
considered  Alternative  2M.  Alternative  3  included  needed  structural 
measures,  as  defined  in  alternative  2  or  2M  (whichever  produces  greater  net 
returns)  for  the  off-farm  conveyance  system  and  no  on-farm  improvements 
(irrigation  water  management  not  included).  Alternative  4  included  needed 
on-farm  structural  measures  (irrigation  water  management  not  included),  as 
defined  in  alternative  2  or  2M,  but  no  off-farm  conveyance  system 
improvements. 
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When  diversion  or  reservoir  structures  were  included  as  part  of  an 
alternative,  water  supply  values  were  adjusted.  The  future-wi thout-project 
condition  showed  a  reduced  water  supply  to  reflect  a  loss  of  the  irrigation 
facility.  ,  The  alternative  data  restored  the  water  supply  in  accordance  with 
the  level  of  improvement  applied.  The  model  responded  to  the  restored  water 
supply  with  greater  crop  yields  which  provided  project  benefits.  Benefits 
from  other  structural  measures  were  generated  from  improved  conveyance  or 
on-farm  irrigation  efficiencies  which  in  turn,  provided  more  water  for  crop 
consumptive  use,  and  increased  crop  yields. 

On-farm  and  conveyance  system  efficiencies  were  computed  by  a  set  of 
equations  that  apply  to  future-wi thout-project  as  well  as  for  alternative 
conditions.  The  equations  were  used  for  the  purpose  of  consistency. 
Fertilizer,  O&M,  labor  and  all  other  production  costs  have  been  included  in 
crop  budgets  separate  from  this  model.  These  crop  budgets  provided  net 
return  data  that  is  included  as  reach  data  in  this  model.  Therefore  the 
fertilizer  and  labor  records  contain  zero  cost. 
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APPENDIX  J 


-  SAMPLE  - 


LARIMER  COUNTY  CANAL 
LARIMER  -  WELD  COUNTIES  COLORADO 


MISSOURI  RIVER  TRIBUTARIES  COLORADO 
COOPERATIVE  RIVER  BASIN  STUDY 


1986 


I.  Introduction 


The  Colorado  Water  Conservation  Board,  acting  for  the  State  of  Colorado, 
requested  the  Department  of  Agriculture  to  conduct  a  cooperative  river  basin 
study  of  the  Missouri  River  Tributaries  of  Colorado.  This  included  the  North 
and  South  Platte  River  basins  along  with  the  Republican  River  Basin. 

The  Board's  request  stemmed  from  its  legislative  authority,  which  charges 
the  Board  with  these  responsibilities:  (1)  to  promote  the  conservation  of  the 
waters  of  the  State  of  Colorado  in  order  to  secure  the  greatest  utilization  of 
such  waters  and  the  utmost  prevention  of  floods,  and  (2)  to  cooperate  with  the 
United  States  and  agencies  thereof,  and  with  other  states,  for  the  purpose  of 
bringing  about  the  greatest  utilization  of  the  waters  of  the  State  of  Colorado 
and  the  prevention  of  flood  damages. 

Data  developed  by  this  study  will  enable  farmers  and  irrigation  companies, 
with  USDA  and  state  assistance,  to  improve  their  productivity,  water  use 
efficiency,  and  water  management.  As  a  result,  the  social,  environmental  and 
economic  stability  of  the  area  should  be  improved.  Cooperating  agencies  of  the 
U.S.  Department  of  Agriculture  included  the  Economic  Research  Service,  the 
Forest  Service,  and  the  Soil  Conservation  Service.  Participation  in  the  study 
was  under  the  authority  of  Section  6,  Public  Law  83-566,  as  amended.  The 
Colorado  Water  Conservation  Board  was  also  an  active  participant  in  the  study. 
It  indicated  that,  while  many  problems  related  to  water  resources  exist  in  the 
basin,  individual  systems  planning  is  the  most  critical  need  not  already 
studied  by  other  agencies  or  groups. 

Therefore,  this  cooperative  study  addressed  the  water  resources  problems 
found  in  individual  irrigation  systems.  Twenty-six  canal  systems  were  selected 
for  detailed  analysis  in  an  irrigation  model.  These  systems  were  intended  to 
be  representative  of  systems  in  the  South  Platte  River  Basin  in  Colorado. 
Alternatives  were  developed  that  would  promote  water  conservation,  water  use 
efficiency,  water  management,  and  improved  productivity  on  irrigated  cropland 
under  the  selected  canal  systems.  These  data  will  be  expanded  to  estimate 
possible  improvement  needs  and  effects  of  improvement  installations  basinwide. 


II.  Description 

The  Larimer  County  Canal  is  located  in  Larimer  and  Weld  Counties, 

Colorado.  It  serves  49,892  acres  of  irrigated  cropland  in  these  counties.  The 
water  source  is  northwest  of  Fort  Collins,  Colorado  on  the  Cache  la  Poudre 
River.  It  carries  direct  diversions,  along  with  water  for  storage  in  11 
reservoirs.  The  canal  is  approximately  66  miles  long.  The  needs  of  the  canal 
system  include  minor  improvements  on  10  reservoirs,  canal  lining,  and  cleaning. 
The  onfarm  needs  include  water-control  structures,  ditch  lining,  farm 
pipelines,  land  leveling,  irrigation  water  management,  and  change  in  irrigation 
method. 


J-l 


III.  Possible  Alternatives 


The  alternative  plans  for  canal  systems  and  onfarm  improvements  were 
composed  of  various  combinations  and  amounts  of  the  following  elements:  canal 
lining,  canal  pipelines,  diversion  structures,  water-control  structures, 
reservoir  modifications,  weed  and  phreatophyte  control  along  ditches,  onfarm 
ditch  lining,  onfarm  pipelines,  land  leveling,  drainage,  changes  in  irrigation 
methods,  and  irrigation  water  management.  Plans  ranging  from  primarily 
management  only,  to  total  needed  treatment,  with  intermediate  level  increments, 
were  developed  for  each  system  studied.  Each  alternative  plan  was  evaluated  to 
determine  its  impacts  on  water  suppl i es--both  surface  and  ground--water 
quality,  and  change  in  land  use  or  cropping  patterns. 

A  computer  program  (Irrigation  Project  Evaluation  System)  was  developed  to 
evaluate  and  compare  the  economic  effects  of  each  alternative.  The  method  used 
compares  amortized  cost  of  the  various  alternatives  with  their  yearly 
benefits.  Description  of  computer  programs  located  in  Appendix  I. 

The  alternatives  considered  for  Larimer  County  are: 


FWOP 


Future  Without  Project 


FWOP  #2 


FWOP  with  set  bounds  -  no  more  than  40  percent 
down  and/or  10  percent  up  on  acres  of  any  crop. 


Alternative  #1  Irrigation  water  management 

Alternative  #2  Canal  Company  Alternative  -  Irrigation  water 

management  with  irrigation  company  structural 
measures  along  with  onfarm  needs. 


Alternative  #2M  Same  as  Alternative  #2  except  the  conveyance 

systems  lining  lengths  were  modified  to  match 
the  high  seepage  portions  of  the  canal. 

Alternative  #3  Off-farm  canal  conveyance  system  structural 

needs.  Irrigation  water  management  not  included. 

Alternative  #4  Onfarm  structural  needs.  Irrigation  water 

management  not  included. 

Alternative  #2  has  the  greater  net  benefits  of  any  structural  alternative 
for  Larimer  County. 
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APPENDIX  K 


Glossary 


Amortized:  The  extinguishing  of  a  financial  obligation  in  equal 

installments  is  called  amortization.  The  amortization  factor  is  the 
amount  of  the  installment  required  to  retire  a  debt  of  $1.00  in  a  given 
length  of  time  at  a  given  interest  rate. 

Annual  Crop  Production  Benefits:  The  amount  of  increase  in  net  returns  from 
crops  (without  project  costs)  brought  about  by  project  action  through 
increased  crop  yields  or  acreage  of  decreased  production  costs  minus 
Future  Without  Project  benefits. 

Annual  Installation  Cost:  Expenditures  for  initial  construction  of  the 
resource  improvement.  These  costs  will  include  estimates  for 
construction  and  may  include  engineering  services,  land  rights,  project 
administration  and  legal  fees.  These  cost  are  then  amortized  to  yearly 
equal  payments. 

Annual  Man  Year:  Work  produced  by  one  person  working  eight  hours  per  day 
and  250  days  per  year. 

Annual  Net  Benefits:  Annual  gross  returns  less  annual  costs  including  the 
annual  cost  incurred  from  some  action  (such  as  a  project)  as  resulting 
from  the  action  taken,  such  as  a  project.  Annual  net  benefits  =  Annual 
crop  production  benefits  -  total  annual  installation  cost  -  total 
annual  operation  and  maintenance. 

Benefit/Cost  Ratio: 


_ Annual  Net  Benefits _ 

Total  Annual  Installation  Costs  +  Total  Operation  and  Maintenance 

An  economic  indicator  of  the  efficiency  of  a  proposed  project,  computed 
by  dividing  benefits  by  costs;  usually,  both  the  benefits  and  costs  are 
discounted  so  that  the  ratio  reflects  efficiency  in  terms  of  the 
present  value  of  future  benefits  and  costs. 

Canal  Control  Structures:  Structures  in  an  irrigation  canal  system  that 
convey  water,  control  the  direction  or  rate  of  flow,  or  maintain  a 
desired  water  surface  elevation. 

Canal  Lining:  A  fixed  lining  of  impervious  material  installed  in  an 
existing  or  newly  constructed  irrigation  canal. 

Canal  Pipeline:  A  pipeline  and  appurtenances  in  an  irrigation  canal  system. 

Canal  Seepage:  The  volume  of  water  that  seeps  from  the  canal  into  the 
subsurface. 

Canal  Seepage  to  Groundwater:  The  volume  of  water  that  seeps  from  the  canal 
into  the  ground  water  system. 
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Canal  Seepage  to  Return  Flows:  The  volume  of  water  that  seeps  from  the 
canal  into  the  subsurface  and  then  surfaces  in  drains  and  streams. 

Canal  Systems:  Conveyance  system  and  irrigation  cropland  served  by  that 
system. 

Clean-Canal:  Removing  vegetation,  sediment,  and  debris  from  canal  banks, 
berms,  spoil,  and  associated  areas. 

Conservation  Cropping  System:  Growing  crops  by  using  a  combination  of 
needed  cultural  and  management  measures.  Cropping  systems  include 
rotations  that  contain  grasses  and  legumes,  as  well  as  rotations  in 
which  the  desired  benefits  are  achieved  without  the  use  of  such  crops. 

Construction  Cost:  Engineers  cost  estimate  of  the  project  plus  15  percent 
added  for  contingencies. 

Conversion  of  Irrigation  Method:  The  onfarm  changing  from  one  irrigation 
method  to  another,  ie,  border  to  sprinkler. 

Conveyance  System:  A  permanent  irrigation  canal  or  lateral  constructed  to 
convey  water  from  the  source  of  supply  to  one  or  more  farms. 

Conveyance  System  Efficiency:  The  volume  of  water  delivered  to  the  farm, 

expressed  as  a  ratio  or  percent,  of  the  volume  of  water  diverted  (gross 
diversion)  from  a  stream  or  other  water  supply. 

Cost  Effective  Crop:  A  crop  which  indicates  a  positive  net  benefit  after 
all  project  costs  are  considered. 

Cottonwood:  A  water  consuming  phreatophyte. 

Cottonwood  Eradication:  Removing  the  tree  as  a  water  conservation  practice. 

Crop  Consumptive  Use:  The  amount  of  water  used  by  crops  in  transpi rati  on 
and  building  of  plant  tissue,  evaported  from  adjacent  soil,  and 
intercepted  precipitation  on  the  plant  foliage. 

Dissolved  Salts  In  Water:  Total  dissolved  solids  in  water  expressed  as  a 
concentration  in  terms  of  milligrams  per  liter  (mg/1)  or  in  total  tons 
in  a  specified  volume  of  water. 

Diversion  Structure:  A  structure  built  to  divert  part  or  all  the  water  from 
a  river  or  a  stream  into  a  different  water  course  or  irrigation  canal 
or  ditch. 

Diversion  Water:  That  amount  of  water  turned  into  a  conveyance  system. 
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Engineering  Practices:  Structures  which  are  designed,  constructed  and  used 
in  a  soil  and  water  conservation  or  management  system  to  retain, 
regulate  or  control  the  flow  of  water. 

Engineering  Services:  A  cost  of  services  provided  and  calculated  at 
fourteen  percent  of  construction  cost. 

Environmental  Practices:  Conservation  practices  which  improve  the 
environmental  quality. 

Environmental  Quality  (E.Q.):  The  creation,  management,  or  preservation  of 
areas  of  natural  beauty,  quality  of  water,  land  and  air,  biological 
resources  and  ecosystems,  geological,  archaeological,  and  historical 
resources. 

Evaporation:  That  part  of  the  water  supply  lost  to  the  atmosphere  as 
vapors. 

Full  Water  Supply:  Croplands  that  have  sufficient  water  to  meet  their 
needs. 

Ground  Water  Pumped:  Water  removed  from  the  ground  water  system  by  pumping. 

Ground  Water  Recharge:  Canal  seepage  and  on-farm  percolation  of  water  into 
the  ground  water  system. 

Interruption  of  Irrigation  Services:  Damage  to  a  conveyance  system  from 
breach  or  failures  that  would  prevent  irrigation  water  from  reaching 
the  farm. 

Irrigation  Efficiencies:  The  percent  of  water  diverted  that  is 

consumptively  used  by  crops.  This  is  a  combination  of  conveyance 
efficiency  and  on-farm  efficiency. 

Irrigation  Shortage:  An  amount  of  water  needed  but  not  available  to  crops 
(water  short). 

Irrigation  Surplus:  An  amount  of  water  surplus  to  crop  needs. 

Irrigation  Water  Management  (IWM):  Controlling  or  regulating  water 

application  in  a  way  that  insures  high  crop  yields  without  wasting 
water,  soil,  or  plant  nutrients.  It  means  applying  water  according  to 
crop  needs  in  amounts  that  can  be  held  in  the  soil  available  to  crops 
and  at  rates  consistent  with  the  intake  characteristics  of  the  soil  and 
the  erosion  hazard  to  the  site. 

Installation  Cost:  Total  cost  of  construction,  engineering  services, 
project  administration,  and  land  rights. 
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Land  Leveling:  Reshaping  the  surface  of  land  to  be  irrigated  to  planned 
grades. 

Linear  Programming  Techniques:  A  mathematical  technique  designed  to 

maximize  something  (usually  profit)  or  to  minimize  something  (usually 
costs)  subject  to  a  set  of  limitations  such  as  land,  water,  etc. 

Model:  A  mathematical  formulation  such  as  linear  programming  water 
budgeting,  etc. 

Net  Returns  from  Crops:  Total  production  value  less  production  costs. 

On  Farm  Control  Structures:  A  structure  in  an  on-farm  irrigation  system 
that  conveys  water,  controls  the  direction  or  rate  of  flow,  or 
maintains  a  desired  wate  surface  elevation. 

On  Farm  Ditch  Lining:  A  fixed  lining  of  impervious  material  installed  in  an 
existing  or  newly  constructed  irrigation  ditch. 

On  Farm  Draining:  A  conduit,  such  as  tile,  pipe  or  tubing  installed  beneath 
the  ground  surface  to  collect,  and  or  convey  subsurface  water. 

On  Farm  Efficiency:  The  volume  of  water  stored  in  the  soil  root  zone  and 
used  by  the  crop.  It  is  expressed  as  a  ratio  or  percent  of  the  volume 
of  water  delivered  to  the  farm  and  is  characterized  both  by  the  onfarm 
distribution  system  and  the  field  application  system. 

On  Farm  Irrigation  System:  A  planned  irrigation  system  where  all  necessary 
water  control  structures  have  been  installed  for  the  efficient 
distribution  of  irrigation  water  by  surface  means,  such  as  furrows, 
borders,  contour  levees,  or  contour  ditches,  or  by  subsurface  means. 

On  Farm  Pipeline:  A  pipeline  and  appurtenances  in  an  onfarm  irrigation 
system. 

Other  Water:  Reservoir  water  and  water  purchased  then  delivered  through  the 
system  to  the  farm. 

Partial  Water  Supply:  Croplands  that  do  not  have  sufficient  water  to  meet 
their  needs  (water  short). 

Percolation  to  Ground  Water  from  Farm:  That  part  of  onfarm  applied 
irrigation  water  that  goes  into  the  ground  water  system. 

Phreatophyte:  A  plant  that  depends,  for  its  water  supply,  upon  ground  water 
that  lies  within  reach  of  its  roots.  Commonly  found  along  streams  or 
where  the  water  table  is  close  to  the  land  surface. 

Phreatophyte  Eradication:  Removing  the  plant  as  a  water  conservation 
practice. 


K-4 


Prime  Land:  Available  land  that  has  the  best  physical  and  chemical 
characteristics  for  producing  food,  feed,  forage,  or  fiber. 

Production  Values:  Gross  returns  from  crop  production. 

Project  Administration:  A  cost  of  administration  calculated  at  17  percent 
of  the  construction  cost. 

Reservoir  Improvement:  To  do  repair  work  on  an  existing  reservoir. 

Reservoir  Water:  Irrigation  water  turned  into  the  conveyance  system  from 
reservoir  storage.  This  water  is  supplemental  to  diverted  water.  Is 
shown  as  "Other  water"  also. 

Salinity  Levels:  Concentration  of  total  disolved  solids  in  milograms  per 
1  iter  or  tons. 

Seasonal  Evaporation  From  Reservoirs:  Evaporation  from  water  surface  areas 
in  Reservoirs  for  the  season,  April  through  October. 

Setting  Bounds:  This  applies  to  setting  upper  and  lower  limitations  on 

certain  resources  and/or  production  activities  in  the  linear  program¬ 
ming  model.  Examples  are  acres  of  crops,  land  use,  and  water  use. 

Short  Water  Supply:  Same  as  partial  water  supply. 

Soil  Association:  A  mapping  unit  used  on  general  soil  maps  in  which  two  or 
more  defined  taxonomic  units,  occurring  together  in  a  characteri Stic 
pattern,  are  combined  on  the  map  into  one  unit.  The  components  of  the 
soil  association  may  or  may  not  be  contrasting. 

Spill  Water:  That  part  of  diverted  water  spilled  back  to  the  main  stream  or 
to  a  reservoir  before  reaching  the  farm. 

Surface  Return  Flows  from  Farm:  This  includes  on  farm  tailwater  flows. 

Surface  Water  Delivered  to  Farms:  That  amount  of  diverted  water,  reservoir 
water,  and  purchased  water  reaching  the  farm. 

Total  Operation  and  Maintenance  Cost:  These  represent  the  annual  values 
of  materials,  equipment  and  services  needed  to  operate  the  resource 
improvement,  and  to  make  repairs  and  replacement  necesary  to  maintain 
the  facilities  in  sound  operating  conditions  during  their  economic 
life. 

Total  Production  Value:  Gross  value  of  crops  grown. 

Upland  Habi tat  Management:  Retaining,  creating,  or  managing  an  area  other 
than  wetland  for  food  an  shelter  for  wildlife. 
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Water  Accounting:  An  accounting  of  water  diversions,  uses,  and  return 
f 1 ows . 

Water  Deficit:  Same  as  irrigation  shortage  (water  short). 

Water  Surplus:  Same  as  irrigation  surplus. 

Wetlands:  Lands  where  saturation  with  water  is  the  dominant  factor 

determining  the  nature  of  soil  development  and  the  types  of  plant  and 
animal  communities  living  in  the  soil  and  on  its  surface. 

Wetland  Eradication:  Removal  of  the  water  table  to  allow  the  wetlands  to  be 
converted  to  cropland. 

Wetland  Habitat  Management:  Retaining,  creating,  or  managing  wetland  habitat 
for  wi 1 dl i fe. 

Yields:  Crop  yields  in  terms  of  units  per  acre.  Units  consist  of  such 
measures  and  bushels,  hundredweight  and  tons. 
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